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10101010 Summary Tables of Partile Properties
SUMMARY TABLES OF PARTICLE PROPERTIES

Extracted from the Particle Listings of the

Review of Particle Physics

M. Tanabashi et al. (Particle Data Group),
Phys. Rev. D 98, 030001 (2018)

Available at http://pdg.lbl.gov
c©2018 Regents of the University of California

(Approximate closing date for data: January 15, 2018)GAUGE AND HIGGS BOSONSGAUGE AND HIGGS BOSONSGAUGE AND HIGGS BOSONSGAUGE AND HIGGS BOSONS
γ (photon)γ (photon)γ (photon)γ (photon) I (JPC ) = 0,1(1−−)Mass m < 1× 10−18 eVCharge q < 1× 10−35 eMean life τ = Stableggggor gluonor gluonor gluonor gluon I (JP ) = 0(1−)Mass m = 0 [a℄SU(3) olor otetgravitongravitongravitongraviton J = 2Mass m < 6× 10−32 eVWWWW J = 1Charge = ±1 eMass m = 80.379 ± 0.012 GeVW/Z mass ratio = 0.88153 ± 0.00017mZ − mW = 10.803 ± 0.015 GeVmW+ − mW−

= −0.029 ± 0.028 GeVFull width � = 2.085 ± 0.042 GeV
〈N

π±

〉 = 15.70 ± 0.35
〈NK±

〉 = 2.20 ± 0.19
〈Np〉 = 0.92 ± 0.14
〈Nharged〉 = 19.39 ± 0.08W− modes are harge onjugates of the modes below. pW+ DECAY MODESW+ DECAY MODESW+ DECAY MODESW+ DECAY MODES Fration (�i /�) Con�dene level (MeV/)

ℓ+ν [b℄ (10.86± 0.09) % {e+ ν (10.71± 0.16) % 40189
µ+ν (10.63± 0.15) % 40189
τ+ ν (11.38± 0.21) % 40170
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Gauge & Higgs Boson Summary Table 11111111hadrons (67.41± 0.27) % {
π+ γ < 7 × 10−6 95% 40189D+s γ < 1.3 × 10−3 95% 40165X (33.3 ± 2.6 ) % { s (31 +13

−11 ) % {invisible [℄ ( 1.4 ± 2.9 ) % {ZZZZ J = 1Charge = 0Mass m = 91.1876 ± 0.0021 GeV [d℄Full width � = 2.4952 ± 0.0023 GeV�(ℓ+ ℓ−
) = 83.984 ± 0.086 MeV [b℄�(invisible) = 499.0 ± 1.5 MeV [e℄�(hadrons) = 1744.4 ± 2.0 MeV�(µ+µ−
)/�(e+ e−) = 1.0009 ± 0.0028�(τ+ τ−
)/�(e+ e−) = 1.0019 ± 0.0032 [f ℄Average harged multipliityAverage harged multipliityAverage harged multipliityAverage harged multipliity

〈Nharged〉 = 20.76 ± 0.16 (S = 2.1)Couplings to quarks and leptonsCouplings to quarks and leptonsCouplings to quarks and leptonsCouplings to quarks and leptonsg ℓV = −0.03783 ± 0.00041guV = 0.18 ± 0.05gdV = −0.35+0.05
−0.06g ℓA = −0.50123 ± 0.00026guA = 0.50+0.04

−0.05gdA = −0.514+0.050
−0.029gνℓ = 0.5008 ± 0.0008gνe = 0.53 ± 0.09gνµ = 0.502 ± 0.017Asymmetry parametersAsymmetry parametersAsymmetry parametersAsymmetry parameters [g ℄Ae = 0.1515 ± 0.0019Aµ = 0.142 ± 0.015Aτ = 0.143 ± 0.004As = 0.90 ± 0.09A = 0.670 ± 0.027Ab = 0.923 ± 0.020Charge asymmetry (%) at Z poleCharge asymmetry (%) at Z poleCharge asymmetry (%) at Z poleCharge asymmetry (%) at Z poleA(0ℓ)FB = 1.71 ± 0.10A(0u)FB = 4 ± 7A(0s)FB = 9.8 ± 1.1A(0)FB = 7.07 ± 0.35A(0b)FB = 9.92 ± 0.16 Sale fator/ pZ DECAY MODESZ DECAY MODESZ DECAY MODESZ DECAY MODES Fration (�i /�) Con�dene level (MeV/)e+ e− [h℄ ( 3.3632±0.0042) % 45594

µ+µ− [h℄ ( 3.3662±0.0066) % 45594
τ+ τ− [h℄ ( 3.3696±0.0083) % 45559
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12121212 Gauge & Higgs Boson Summary Table
ℓ+ ℓ− [b,h℄ ( 3.3658±0.0023) % {
ℓ+ ℓ− ℓ+ ℓ− [i ℄ ( 4.45 ±0.32 )× 10−6 45594invisible [h℄ (20.000 ±0.055 ) % {hadrons [h℄ (69.911 ±0.056 ) % {(uu+ )/2 (11.6 ±0.6 ) % {(dd+ss+bb )/3 (15.6 ±0.4 ) % { (12.03 ±0.21 ) % {bb (15.12 ±0.05 ) % {bbbb ( 3.6 ±1.3 )× 10−4 {g g g < 1.1 % CL=95% {
π0 γ < 2.01 × 10−5 CL=95% 45594
ηγ < 5.1 × 10−5 CL=95% 45592
ωγ < 6.5 × 10−4 CL=95% 45590
η′(958)γ < 4.2 × 10−5 CL=95% 45589
φγ < 8.3 × 10−6 CL=95% 45588
γ γ < 1.46 × 10−5 CL=95% 45594
π0π0 < 1.52 × 10−5 CL=95% 45594
γ γ γ < 2.2 × 10−6 CL=95% 45594
π±W∓ [j℄ < 7 × 10−5 CL=95% 10167
ρ±W∓ [j℄ < 8.3 × 10−5 CL=95% 10142J/ψ(1S)X ( 3.51 +0.23

−0.25 )× 10−3 S=1.1 {J/ψ(1S)γ < 2.6 × 10−6 CL=95% 45541
ψ(2S)X ( 1.60 ±0.29 )× 10−3 {
χ1(1P)X ( 2.9 ±0.7 )× 10−3 {
χ2(1P)X < 3.2 × 10−3 CL=90% {�(1S) X +�(2S) X+�(3S) X ( 1.0 ±0.5 )× 10−4 {�(1S)X < 3.4 × 10−6 CL=95% {�(2S)X < 6.5 × 10−6 CL=95% {�(3S)X < 5.4 × 10−6 CL=95% {(D0 /D0) X (20.7 ±2.0 ) % {D±X (12.2 ±1.7 ) % {D∗(2010)±X [j℄ (11.4 ±1.3 ) % {Ds1(2536)±X ( 3.6 ±0.8 )× 10−3 {DsJ (2573)±X ( 5.8 ±2.2 )× 10−3 {B+X [k℄ ( 6.08 ±0.13 ) % {B0s X [k℄ ( 1.59 ±0.13 ) % {�+ X ( 1.54 ±0.33 ) % {b -baryon X [k℄ ( 1.38 ±0.22 ) % {anomalous γ+ hadrons [l℄ < 3.2 × 10−3 CL=95% {e+ e−γ [l℄ < 5.2 × 10−4 CL=95% 45594
µ+µ− γ [l℄ < 5.6 × 10−4 CL=95% 45594
τ+ τ− γ [l℄ < 7.3 × 10−4 CL=95% 45559
ℓ+ ℓ−γ γ [n℄ < 6.8 × 10−6 CL=95% {qq γ γ [n℄ < 5.5 × 10−6 CL=95% {
ν ν γ γ [n℄ < 3.1 × 10−6 CL=95% 45594e±µ∓ LF [j℄ < 7.5 × 10−7 CL=95% 45594e± τ∓ LF [j℄ < 9.8 × 10−6 CL=95% 45576
µ± τ∓ LF [j℄ < 1.2 × 10−5 CL=95% 45576p e L,B < 1.8 × 10−6 CL=95% 45589pµ L,B < 1.8 × 10−6 CL=95% 45589See Partile Listings for 4 deay modes that have been seen / not seen.
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Gauge & Higgs Boson Summary Table 13131313H0H0H0H0 J = 0Mass m = 125.18 ± 0.16 GeVFull width � < 0.013 GeV, CL = 95%H0 Signal Strengths in Di�erent ChannelsH0 Signal Strengths in Di�erent ChannelsH0 Signal Strengths in Di�erent ChannelsH0 Signal Strengths in Di�erent ChannelsSee Listings for the latest unpublished results.Combined Final States = 1.10 ± 0.11WW ∗ = 1.08+0.18
−0.16Z Z∗ = 1.14+0.15

−0.13
γ γ = 1.16 ± 0.18bb = 0.95 ± 0.22
µ+µ− = 0.0 ± 1.3
τ+ τ− = 1.12 ± 0.23Z γ < 6.6, CL = 95%t t H0 Prodution = 2.3+0.7

−0.6 pH0 DECAY MODESH0 DECAY MODESH0 DECAY MODESH0 DECAY MODES Fration (�i /�) Con�dene level (MeV/)e+ e− < 1.9 × 10−3 95% 62592J/ψγ < 1.5 × 10−3 95% 62553�(1S)γ < 1.3 × 10−3 95% 62234�(2S)γ < 1.9 × 10−3 95% 62190�(3S)γ < 1.3 × 10−3 95% 62163
φ(1020)γ < 1.4 × 10−3 95% 62587eµ < 3.5 × 10−4 95% 62592e τ < 6.9 × 10−3 95% 62579
µτ < 1.43 % 95% 62579invisible <24 % 95% {Neutral Higgs Bosons, Searhes forNeutral Higgs Bosons, Searhes forNeutral Higgs Bosons, Searhes forNeutral Higgs Bosons, Searhes forSearhes for a Higgs Boson with Standard Model CouplingsSearhes for a Higgs Boson with Standard Model CouplingsSearhes for a Higgs Boson with Standard Model CouplingsSearhes for a Higgs Boson with Standard Model CouplingsMass m > 122 and none 128{1000 GeV, CL = 95%The limits for H01 and A0 in supersymmetri models refer to the mmax

hbenhmark senario for the supersymmetri parameters.H01 in Supersymmetri Models (mH01 <mH02)H01 in Supersymmetri Models (mH01 <mH02)H01 in Supersymmetri Models (mH01 <mH02)H01 in Supersymmetri Models (mH01 <mH02)Mass m > 92.8 GeV, CL = 95%A0 Pseudosalar Higgs Boson in Supersymmetri ModelsA0 Pseudosalar Higgs Boson in Supersymmetri ModelsA0 Pseudosalar Higgs Boson in Supersymmetri ModelsA0 Pseudosalar Higgs Boson in Supersymmetri Models [o℄Mass m > 93.4 GeV, CL = 95% tanβ >0.4Charged Higgs Bosons (H± and H±±),Charged Higgs Bosons (H± and H±±),Charged Higgs Bosons (H± and H±±),Charged Higgs Bosons (H± and H±±),Searhes forSearhes forSearhes forSearhes forH±H±H±H± Mass m > 80 GeV, CL = 95%
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14141414 Gauge & Higgs Boson Summary TableNew Heavy BosonsNew Heavy BosonsNew Heavy BosonsNew Heavy Bosons(W ′, Z ′, leptoquarks, et.),(W ′, Z ′, leptoquarks, et.),(W ′, Z ′, leptoquarks, et.),(W ′, Z ′, leptoquarks, et.),Searhes forSearhes forSearhes forSearhes forAdditional W BosonsAdditional W BosonsAdditional W BosonsAdditional W BosonsW ′ with standard ouplingsMass m > 4.100× 103 GeV, CL = 95% (pp diret searh)WR (Right-handed W Boson)Mass m > 715 GeV, CL = 90% (eletroweak �t)Additional Z BosonsAdditional Z BosonsAdditional Z BosonsAdditional Z BosonsZ ′SM with standard ouplingsMass m > 4.500× 103 GeV, CL = 95% (pp diret searh)ZLR of SU(2)L×SU(2)R×U(1) (with gL = gR)Mass m > 630 GeV, CL = 95% (pp diret searh)Mass m > 1162 GeV, CL = 95% (eletroweak �t)Zχ of SO(10) → SU(5)×U(1)χ (with gχ=e/osθW )Mass m > 4.100× 103 GeV, CL = 95% (pp diret searh)Zψ of E6 → SO(10)×U(1)ψ (with gψ=e/osθW )Mass m > 3.800× 103 GeV, CL = 95% (pp diret searh)Zη of E6 → SU(3)×SU(2)×U(1)×U(1)η (with gη=e/osθW )Mass m > 3.900× 103 GeV, CL = 95% (pp diret searh)Salar LeptoquarksSalar LeptoquarksSalar LeptoquarksSalar LeptoquarksMass m > 1050 GeV, CL = 95% (1st generation, pair prod.)Mass m > 1755 GeV, CL = 95% (1st generation, single prod.)Mass m > 1080 GeV, CL = 95% (2nd generation, pair prod.)Mass m > 660 GeV, CL = 95% (2nd generation, single prod.)Mass m > 850 GeV, CL = 95% (3rd generation, pair prod.)(See the Partile Listings in the Full Review of Partile Physis forassumptions on leptoquark quantum numbers and branhing fra-tions.)DiquarksDiquarksDiquarksDiquarksMass m > 6000 GeV, CL = 95% (E6 diquark)AxigluonAxigluonAxigluonAxigluonMass m > 5500 GeV, CL = 95%Axions (A0) and OtherAxions (A0) and OtherAxions (A0) and OtherAxions (A0) and OtherVery Light Bosons, Searhes forVery Light Bosons, Searhes forVery Light Bosons, Searhes forVery Light Bosons, Searhes forThe standard Peei-Quinn axion is ruled out. Variants with reduedouplings or muh smaller masses are onstrained by various data. ThePartile Listings in the full Review ontain a Note disussing axionsearhes.The best limit for the half-life of neutrinoless double beta deay withMajoron emission is > 7.2× 1024 years (CL = 90%).
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Gauge & Higgs Boson Summary Table 15151515NOTESIn this Summary Table:When a quantity has \(S = . . .)" to its right, the error on the quantity has beenenlarged by the \sale fator" S, de�ned as S = √

χ2/(N − 1), where N is thenumber of measurements used in alulating the quantity.A deay momentum p is given for eah deay mode. For a 2-body deay, p is themomentum of eah deay produt in the rest frame of the deaying partile. For a3-or-more-body deay, p is the largest momentum any of the produts an have inthis frame.[a℄ Theoretial value. A mass as large as a few MeV may not be preluded.[b℄ ℓ indiates eah type of lepton (e, µ, and τ), not sum over them.[ ℄ This represents the width for the deay of the W boson into a hargedpartile with momentum below detetability, p< 200 MeV.[d ℄ The Z -boson mass listed here orresponds to a Breit-Wigner resonaneparameter. It lies approximately 34 MeV above the real part of the posi-tion of the pole (in the energy-squared plane) in the Z -boson propagator.[e℄ This partial width takes into aount Z deays into ν ν and any otherpossible undeteted modes.[f ℄ This ratio has not been orreted for the τ mass.[g ℄ Here A ≡ 2gV gA/(g2V+g2A).[h℄ This parameter is not diretly used in the overall �t but is derived usingthe �t results; see the note \The Z boson" and ref. LEP-SLC 06 (PhysisReports (Physis Letters C) 427427427427 257 (2006)).[i ℄ Here ℓ indiates e or µ.[j ℄ The value is for the sum of the harge states or partile/antipartilestates indiated.[k ℄ This value is updated using the produt of (i) the Z → bbfration from this listing and (ii) the b-hadron fration in anunbiased sample of weakly deaying b-hadrons produed in Z -deays provided by the Heavy Flavor Averaging Group (HFLAV,http://www.sla.stanford.edu/xorg/hav/os/PDG 2009/#FRACZ).[l ℄ See the Z Partile Listings in the Full Review of Partile Physis for the
γ energy range used in this measurement.[n℄ For mγ γ = (60 ± 5) GeV.[o℄ The limits assume no invisible deays.
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16161616 Lepton Summary TableLEPTONSLEPTONSLEPTONSLEPTONSeeee J = 12Mass m = (548.579909070 ± 0.000000016)× 10−6 uMass m = 0.5109989461 ± 0.0000000031 MeV
∣

∣me+ − me−∣

∣/m < 8× 10−9, CL = 90%
∣

∣qe+ + qe− ∣

∣

/e < 4× 10−8Magneti moment anomaly(g−2)/2 = (1159.65218091 ± 0.00000026)× 10−6(ge+ − ge−) / gaverage = (−0.5 ± 2.1)× 10−12Eletri dipole moment d < 0.87× 10−28 e m, CL = 90%Mean life τ > 6.6× 1028 yr, CL = 90% [a℄
µµµµ J = 12Mass m = 0.1134289257 ± 0.0000000025 uMass m = 105.6583745 ± 0.0000024 MeVMean life τ = (2.1969811 ± 0.0000022)× 10−6 s

τ
µ+/τ µ−

= 1.00002 ± 0.00008τ = 658.6384 mMagneti moment anomaly (g−2)/2 = (11659209 ± 6)× 10−10(g
µ+ − g

µ−
) / gaverage = (−0.11 ± 0.12)× 10−8Eletri dipole moment d = (−0.1 ± 0.9)× 10−19 e mDeay parametersDeay parametersDeay parametersDeay parameters [b℄

ρ = 0.74979 ± 0.00026
η = 0.057 ± 0.034
δ = 0.75047 ± 0.00034
ξPµ = 1.0009+0.0016

−0.0007 [℄
ξPµδ/ρ = 1.0018+0.0016

−0.0007 [℄
ξ′ = 1.00 ± 0.04
ξ′′ = 0.98 ± 0.04
α/A = (0 ± 4)× 10−3
α′/A = (−10 ± 20)× 10−3
β/A = (4 ± 6)× 10−3
β′/A = (2 ± 7)× 10−3
η = 0.02 ± 0.08

µ+ modes are harge onjugates of the modes below. p
µ− DECAY MODESµ− DECAY MODESµ− DECAY MODESµ− DECAY MODES Fration (�i /�) Con�dene level (MeV/)e− νe νµ ≈ 100% 53e− νe νµ γ [d℄ (6.0±0.5)× 10−8 53e− νe νµ e+ e− [e℄ (3.4±0.4)× 10−5 53Lepton Family number (LF ) violating modesLepton Family number (LF ) violating modesLepton Family number (LF ) violating modesLepton Family number (LF ) violating modese− νe νµ LF [f ℄ < 1.2 % 90% 53e− γ LF < 4.2 × 10−13 90% 53e− e+ e− LF < 1.0 × 10−12 90% 53e− 2γ LF < 7.2 × 10−11 90% 53
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Lepton Summary Table 17171717
ττττ J = 12Mass m = 1776.86 ± 0.12 MeV(m

τ+ − m
τ−

)/maverage < 2.8× 10−4, CL = 90%Mean life τ = (290.3 ± 0.5)× 10−15 sτ = 87.03 µmMagneti moment anomaly > −0.052 and < 0.013, CL = 95%Re(dτ ) = −0.220 to 0.45× 10−16 e m, CL = 95%Im(dτ ) = −0.250 to 0.0080× 10−16 e m, CL = 95%Weak dipole momentWeak dipole momentWeak dipole momentWeak dipole momentRe(dw
τ
) < 0.50× 10−17 e m, CL = 95%Im(dw

τ
) < 1.1× 10−17 e m, CL = 95%Weak anomalous magneti dipole momentWeak anomalous magneti dipole momentWeak anomalous magneti dipole momentWeak anomalous magneti dipole momentRe(αw

τ ) < 1.1× 10−3, CL = 95%Im(αw
τ ) < 2.7× 10−3, CL = 95%

τ± → π±K0S ντ (RATE DIFFERENCE) / (RATE SUM) =(−0.36 ± 0.25)%Deay parametersDeay parametersDeay parametersDeay parametersSee the τ Partile Listings in the Full Review of Partile Physis for anote onerning τ -deay parameters.
ρ(e or µ) = 0.745 ± 0.008
ρ(e) = 0.747 ± 0.010
ρ(µ) = 0.763 ± 0.020
ξ(e or µ) = 0.985 ± 0.030
ξ(e) = 0.994 ± 0.040
ξ(µ) = 1.030 ± 0.059
η(e or µ) = 0.013 ± 0.020
η(µ) = 0.094 ± 0.073(δξ)(e or µ) = 0.746 ± 0.021(δξ)(e) = 0.734 ± 0.028(δξ)(µ) = 0.778 ± 0.037
ξ(π) = 0.993 ± 0.022
ξ(ρ) = 0.994 ± 0.008
ξ(a1) = 1.001 ± 0.027
ξ(all hadroni modes) = 0.995 ± 0.007
η(µ) PARAMETER = −1.3 ± 1.7
ξκ(e) PARAMETER = −0.4 ± 1.2
ξκ(µ) PARAMETER = 0.8 ± 0.6

τ+ modes are harge onjugates of the modes below. \h±" stands for π± orK±. \ℓ" stands for e or µ. \Neutrals" stands for γ's and/or π0's.Sale fator/ p
τ− DECAY MODESτ− DECAY MODESτ− DECAY MODESτ− DECAY MODES Fration (�i /�) Con�dene level (MeV/)Modes with one harged partileModes with one harged partileModes with one harged partileModes with one harged partilepartile− ≥ 0 neutrals ≥ 0K 0ντ(\1-prong") (85.24 ± 0.06 ) % {partile− ≥ 0 neutrals ≥ 0K 0Lντ (84.58 ± 0.06 ) % {

µ−νµ ντ [g ℄ (17.39 ± 0.04 ) % 885
µ−νµ ντ γ [e℄ ( 3.67 ± 0.08 ) × 10−3 885e− νe ντ [g ℄ (17.82 ± 0.04 ) % 888
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18181818 Lepton Summary Tablee− νe ντ γ [e℄ ( 1.83 ± 0.05 ) % 888h− ≥ 0K0L ντ (12.03 ± 0.05 ) % 883h−ντ (11.51 ± 0.05 ) % 883
π− ντ [g ℄ (10.82 ± 0.05 ) % 883K−ντ [g ℄ ( 6.96 ± 0.10 ) × 10−3 820h− ≥ 1 neutralsντ (37.00 ± 0.09 ) % {h− ≥ 1π0 ντ (ex.K0) (36.51 ± 0.09 ) % {h−π0 ντ (25.93 ± 0.09 ) % 878

π−π0 ντ [g ℄ (25.49 ± 0.09 ) % 878
π−π0 non-ρ(770)ντ ( 3.0 ± 3.2 ) × 10−3 878K−π0 ντ [g ℄ ( 4.33 ± 0.15 ) × 10−3 814h− ≥ 2π0 ντ (10.81 ± 0.09 ) % {h−2π0 ντ ( 9.48 ± 0.10 ) % 862h−2π0 ντ (ex.K0) ( 9.32 ± 0.10 ) % 862

π− 2π0ντ (ex.K0) [g ℄ ( 9.26 ± 0.10 ) % 862
π− 2π0ντ (ex.K0),salar < 9 × 10−3 CL=95% 862
π− 2π0ντ (ex.K0),vetor < 7 × 10−3 CL=95% 862K−2π0 ντ (ex.K0) [g ℄ ( 6.5 ± 2.2 ) × 10−4 796h− ≥ 3π0 ντ ( 1.34 ± 0.07 ) % {h− ≥ 3π0 ντ (ex. K0) ( 1.25 ± 0.07 ) % {h−3π0 ντ ( 1.18 ± 0.07 ) % 836
π− 3π0ντ (ex.K0) [g ℄ ( 1.04 ± 0.07 ) % 836K−3π0 ντ (ex.K0, η) [g ℄ ( 4.8 ± 2.1 ) × 10−4 765h−4π0 ντ (ex.K0) ( 1.6 ± 0.4 ) × 10−3 800h−4π0 ντ (ex.K0,η) [g ℄ ( 1.1 ± 0.4 ) × 10−3 800a1(1260)ντ → π−γ ντ ( 3.8 ± 1.5 ) × 10−4 {K−

≥ 0π0 ≥ 0K0
≥ 0γ ντ ( 1.552± 0.029) % 820K−

≥ 1 (π0 or K0 or γ) ντ ( 8.59 ± 0.28 ) × 10−3 {Modes with K0'sModes with K0'sModes with K0'sModes with K0'sK0S (partiles)− ντ ( 9.44 ± 0.28 ) × 10−3 {h−K0 ντ ( 9.87 ± 0.14 ) × 10−3 812
π−K0 ντ [g ℄ ( 8.40 ± 0.14 ) × 10−3 812
π−K0 (non-K∗(892)−)ντ ( 5.4 ± 2.1 ) × 10−4 812K−K0ντ [g ℄ ( 1.48 ± 0.05 ) × 10−3 737K−K0

≥ 0π0 ντ ( 2.98 ± 0.08 ) × 10−3 737h−K0π0 ντ ( 5.32 ± 0.13 ) × 10−3 794
π−K0π0 ντ [g ℄ ( 3.82 ± 0.13 ) × 10−3 794K0ρ− ντ ( 2.2 ± 0.5 ) × 10−3 612K−K0π0 ντ [g ℄ ( 1.50 ± 0.07 ) × 10−3 685

π−K0
≥ 1π0 ντ ( 4.08 ± 0.25 ) × 10−3 {

π−K0π0π0 ντ (ex.K0) [g ℄ ( 2.6 ± 2.3 ) × 10−4 763K−K0π0π0 ντ < 1.6 × 10−4 CL=95% 619
π−K0K0ντ ( 1.55 ± 0.24 ) × 10−3 682

π−K0S K0S ντ [g ℄ ( 2.33 ± 0.07 ) × 10−4 682
π−K0S K0Lντ [g ℄ ( 1.08 ± 0.24 ) × 10−3 682
π−K0LK0L ντ ( 2.33 ± 0.07 ) × 10−4 682

π−K0K0π0 ντ ( 3.6 ± 1.2 ) × 10−4 614
π−K0S K0S π0 ντ [g ℄ ( 1.82 ± 0.21 ) × 10−5 614K∗−K0π0 ντ →

π−K0S K0S π0 ντ

( 1.08 ± 0.21 ) × 10−5 {f1(1285)π−ντ →

π−K0S K0S π0 ντ

( 6.8 ± 1.5 ) × 10−6 {
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Lepton Summary Table 19191919f1(1420)π−ντ →

π−K0S K0S π0 ντ

( 2.4 ± 0.8 ) × 10−6 {
π−K0S K0Lπ0 ντ [g ℄ ( 3.2 ± 1.2 ) × 10−4 614
π−K0LK0Lπ0 ντ ( 1.82 ± 0.21 ) × 10−5 614K−K0S K0S ντ < 6.3 × 10−7 CL=90% 466K−K0S K0S π0 ντ < 4.0 × 10−7 CL=90% 337K0h+h−h− ≥ 0 neutrals ντ < 1.7 × 10−3 CL=95% 760K0h+h−h−ντ [g ℄ ( 2.5 ± 2.0 ) × 10−4 760Modes with three harged partilesModes with three harged partilesModes with three harged partilesModes with three harged partilesh−h− h+ ≥ 0 neutrals ≥ 0K 0Lντ (15.21 ± 0.06 ) % 861h− h−h+ ≥ 0 neutrals ντ(ex. K0S → π+π−)(\3-prong") (14.55 ± 0.06 ) % 861h−h− h+ντ ( 9.80 ± 0.05 ) % 861h−h− h+ντ (ex.K0) ( 9.46 ± 0.05 ) % 861h−h− h+ντ (ex.K0,ω) ( 9.43 ± 0.05 ) % 861

π−π+π− ντ ( 9.31 ± 0.05 ) % 861
π−π+π− ντ (ex.K0) ( 9.02 ± 0.05 ) % 861
π−π+π− ντ (ex.K0),non-axial vetor < 2.4 % CL=95% 861
π−π+π− ντ (ex.K0,ω) [g ℄ ( 8.99 ± 0.05 ) % 861h−h− h+ ≥ 1 neutrals ντ ( 5.29 ± 0.05 ) % {h−h− h+ ≥ 1π0 ντ (ex. K0) ( 5.09 ± 0.05 ) % {h−h− h+π0 ντ ( 4.76 ± 0.05 ) % 834h−h− h+π0 ντ (ex.K0) ( 4.57 ± 0.05 ) % 834h−h− h+π0 ντ (ex. K0, ω) ( 2.79 ± 0.07 ) % 834

π−π+π−π0 ντ ( 4.62 ± 0.05 ) % 834
π−π+π−π0 ντ (ex.K0) ( 4.49 ± 0.05 ) % 834
π−π+π−π0 ντ (ex.K0,ω) [g ℄ ( 2.74 ± 0.07 ) % 834h−h− h+ ≥ 2π0 ντ (ex. K0) ( 5.17 ± 0.31 ) × 10−3 {h−h− h+2π0 ντ ( 5.05 ± 0.31 ) × 10−3 797h−h− h+2π0 ντ (ex.K0) ( 4.95 ± 0.31 ) × 10−3 797h−h− h+2π0 ντ (ex.K0,ω,η) [g ℄ (10 ± 4 ) × 10−4 797h−h− h+3π0 ντ ( 2.12 ± 0.30 ) × 10−4 7492π−π+ 3π0ντ (ex.K0) ( 1.94 ± 0.30 ) × 10−4 7492π−π+ 3π0ντ (ex.K0, η,f1(1285)) ( 1.7 ± 0.4 ) × 10−4 {2π−π+ 3π0ντ (ex.K0, η,

ω, f1(1285)) [g ℄ ( 1.4 ± 2.7 ) × 10−5 {K−h+h− ≥ 0 neutrals ντ ( 6.29 ± 0.14 ) × 10−3 794K−h+π− ντ (ex.K0) ( 4.37 ± 0.07 ) × 10−3 794K−h+π−π0 ντ (ex.K0) ( 8.6 ± 1.2 ) × 10−4 763K−π+π−
≥ 0 neutrals ντ ( 4.77 ± 0.14 ) × 10−3 794K−π+π−
≥ 0π0 ντ (ex.K0) ( 3.73 ± 0.13 ) × 10−3 794K−π+π−ντ ( 3.45 ± 0.07 ) × 10−3 794K−π+π−ντ (ex.K0) ( 2.93 ± 0.07 ) × 10−3 794K−π+π−ντ (ex.K0,ω) [g ℄ ( 2.93 ± 0.07 ) × 10−3 794K−ρ0 ντ → K−π+π−ντ ( 1.4 ± 0.5 ) × 10−3 {K−π+π−π0 ντ ( 1.31 ± 0.12 ) × 10−3 763K−π+π−π0 ντ (ex.K0) ( 7.9 ± 1.2 ) × 10−4 763K−π+π−π0 ντ (ex.K0,η) ( 7.6 ± 1.2 ) × 10−4 763K−π+π−π0 ντ (ex.K0,ω) ( 3.7 ± 0.9 ) × 10−4 763K−π+π−π0 ντ (ex.K0,ω,η) [g ℄ ( 3.9 ± 1.4 ) × 10−4 763K−π+K−
≥ 0 neut. ντ < 9 × 10−4 CL=95% 685
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20202020 Lepton Summary TableK−K+π−
≥ 0 neut. ντ ( 1.496± 0.033) × 10−3 685K−K+π− ντ [g ℄ ( 1.435± 0.027) × 10−3 685K−K+π−π0 ντ [g ℄ ( 6.1 ± 1.8 ) × 10−5 618K−K+K−ντ ( 2.2 ± 0.8 ) × 10−5 S=5.4 472K−K+K−ντ (ex. φ) < 2.5 × 10−6 CL=90% {K−K+K−π0 ντ < 4.8 × 10−6 CL=90% 345

π−K+π−
≥ 0 neut. ντ < 2.5 × 10−3 CL=95% 794e− e− e+ νe ντ ( 2.8 ± 1.5 ) × 10−5 888

µ− e− e+νµ ντ < 3.6 × 10−5 CL=90% 885Modes with �ve harged partilesModes with �ve harged partilesModes with �ve harged partilesModes with �ve harged partiles3h−2h+ ≥ 0 neutrals ντ(ex. K0S → π−π+)(\5-prong") ( 9.9 ± 0.4 ) × 10−4 7943h−2h+ντ (ex.K0) ( 8.22 ± 0.32 ) × 10−4 7943π−2π+ντ (ex.K0, ω) ( 8.21 ± 0.31 ) × 10−4 7943π−2π+ντ (ex.K0, ω,f1(1285)) [g ℄ ( 7.69 ± 0.30 ) × 10−4 {K−2π−2π+ντ (ex.K0) [g ℄ ( 6 ±12 ) × 10−7 716K+3π−π+ ντ < 5.0 × 10−6 CL=90% 716K+K−2π−π+ ντ < 4.5 × 10−7 CL=90% 5283h−2h+π0 ντ (ex.K0) ( 1.64 ± 0.11 ) × 10−4 7463π−2π+π0 ντ (ex.K0) ( 1.62 ± 0.11 ) × 10−4 7463π−2π+π0 ντ (ex.K0, η,f1(1285)) ( 1.11 ± 0.10 ) × 10−4 {3π−2π+π0 ντ (ex.K0, η, ω,f1(1285)) [g ℄ ( 3.8 ± 0.9 ) × 10−5 {K−2π−2π+π0 ντ (ex.K0) [g ℄ ( 1.1 ± 0.6 ) × 10−6 657K+3π−π+π0 ντ < 8 × 10−7 CL=90% 6573h−2h+2π0ντ < 3.4 × 10−6 CL=90% 687Misellaneous other allowed modesMisellaneous other allowed modesMisellaneous other allowed modesMisellaneous other allowed modes(5π )− ντ ( 7.8 ± 0.5 ) × 10−3 8004h−3h+ ≥ 0 neutrals ντ(\7-prong") < 3.0 × 10−7 CL=90% 6824h−3h+ντ < 4.3 × 10−7 CL=90% 6824h−3h+π0 ντ < 2.5 × 10−7 CL=90% 612X− (S=−1)ντ ( 2.92 ± 0.04 ) % {K∗(892)− ≥ 0 neutrals ≥0K0Lντ

( 1.42 ± 0.18 ) % S=1.4 665K∗(892)− ντ ( 1.20 ± 0.07 ) % S=1.8 665K∗(892)− ντ → π−K0 ντ ( 7.83 ± 0.26 ) × 10−3 {K∗(892)0K−
≥ 0 neutrals ντ ( 3.2 ± 1.4 ) × 10−3 542K∗(892)0K−ντ ( 2.1 ± 0.4 ) × 10−3 542K∗(892)0π−
≥ 0 neutrals ντ ( 3.8 ± 1.7 ) × 10−3 655K∗(892)0π− ντ ( 2.2 ± 0.5 ) × 10−3 655(K∗(892)π )− ντ → π−K0π0 ντ ( 1.0 ± 0.4 ) × 10−3 {K1(1270)−ντ ( 4.7 ± 1.1 ) × 10−3 433K1(1400)−ντ ( 1.7 ± 2.6 ) × 10−3 S=1.7 335K∗(1410)−ντ ( 1.5 + 1.4

− 1.0 )× 10−3 320K∗0(1430)−ντ < 5 × 10−4 CL=95% 317K∗2(1430)−ντ < 3 × 10−3 CL=95% 317
ηπ− ντ < 9.9 × 10−5 CL=95% 797
ηπ−π0 ντ [g ℄ ( 1.39 ± 0.07 ) × 10−3 778
ηπ−π0π0 ντ [g ℄ ( 1.9 ± 0.4 ) × 10−4 746
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Lepton Summary Table 21212121
ηK− ντ [g ℄ ( 1.55 ± 0.08 ) × 10−4 719
ηK∗(892)−ντ ( 1.38 ± 0.15 ) × 10−4 511
ηK−π0 ντ [g ℄ ( 4.8 ± 1.2 ) × 10−5 665
ηK−π0 (non-K∗(892))ντ < 3.5 × 10−5 CL=90% {
ηK0π− ντ [g ℄ ( 9.4 ± 1.5 ) × 10−5 661
ηK0π−π0 ντ < 5.0 × 10−5 CL=90% 590
ηK−K0ντ < 9.0 × 10−6 CL=90% 430
ηπ+π−π−

≥ 0 neutrals ντ < 3 × 10−3 CL=90% 744
ηπ−π+π− ντ (ex.K0) [g ℄ ( 2.19 ± 0.13 ) × 10−4 744

ηπ−π+π− ντ (ex.K0,f1(1285)) ( 9.9 ± 1.6 ) × 10−5 {
ηa1(1260)−ντ → ηπ− ρ0 ντ < 3.9 × 10−4 CL=90% {

ηηπ− ντ < 7.4 × 10−6 CL=90% 637
ηηπ−π0 ντ < 2.0 × 10−4 CL=95% 559
ηηK− ντ < 3.0 × 10−6 CL=90% 382
η′(958)π− ντ < 4.0 × 10−6 CL=90% 620
η′(958)π−π0 ντ < 1.2 × 10−5 CL=90% 591
η′(958)K−ντ < 2.4 × 10−6 CL=90% 495
φπ− ντ ( 3.4 ± 0.6 ) × 10−5 585
φK− ντ [g ℄ ( 4.4 ± 1.6 ) × 10−5 445f1(1285)π−ντ ( 3.9 ± 0.5 ) × 10−4 S=1.9 408f1(1285)π−ντ →

ηπ−π+π− ντ

( 1.18 ± 0.07 ) × 10−4 S=1.3 {f1(1285)π−ντ → 3π−2π+ντ [g ℄ ( 5.2 ± 0.4 ) × 10−5 {
π(1300)−ντ → (ρπ)− ντ →(3π)− ντ

< 1.0 × 10−4 CL=90% {
π(1300)−ντ →((ππ)S−wave π)− ντ →(3π)− ντ

< 1.9 × 10−4 CL=90% {h−ω ≥ 0 neutrals ντ ( 2.40 ± 0.08 ) % 708h−ωντ ( 1.99 ± 0.06 ) % 708
π−ωντ [g ℄ ( 1.95 ± 0.06 ) % 708K−ωντ [g ℄ ( 4.1 ± 0.9 ) × 10−4 610h−ωπ0 ντ [g ℄ ( 4.1 ± 0.4 ) × 10−3 684h−ω2π0 ντ ( 1.4 ± 0.5 ) × 10−4 644
π−ω2π0ντ [g ℄ ( 7.1 ± 1.6 ) × 10−5 644h−2ωντ < 5.4 × 10−7 CL=90% 2502h−h+ωντ ( 1.20 ± 0.22 ) × 10−4 6412π−π+ωντ (ex.K0) [g ℄ ( 8.4 ± 0.6 ) × 10−5 641Lepton Family number (LF ), Lepton number (L),Lepton Family number (LF ), Lepton number (L),Lepton Family number (LF ), Lepton number (L),Lepton Family number (LF ), Lepton number (L),or Baryon number (B) violating modesor Baryon number (B) violating modesor Baryon number (B) violating modesor Baryon number (B) violating modesL means lepton number violation (e.g. τ− → e+π−π−). Followingommon usage, LF means lepton family violation and not lepton numberviolation (e.g. τ− → e−π+π−). B means baryon number violation.e− γ LF < 3.3 × 10−8 CL=90% 888

µ−γ LF < 4.4 × 10−8 CL=90% 885e−π0 LF < 8.0 × 10−8 CL=90% 883
µ−π0 LF < 1.1 × 10−7 CL=90% 880e−K0S LF < 2.6 × 10−8 CL=90% 819
µ−K0S LF < 2.3 × 10−8 CL=90% 815e− η LF < 9.2 × 10−8 CL=90% 804
µ−η LF < 6.5 × 10−8 CL=90% 800e− ρ0 LF < 1.8 × 10−8 CL=90% 719
µ−ρ0 LF < 1.2 × 10−8 CL=90% 715e−ω LF < 4.8 × 10−8 CL=90% 716
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22222222 Lepton Summary Table
µ−ω LF < 4.7 × 10−8 CL=90% 711e−K∗(892)0 LF < 3.2 × 10−8 CL=90% 665
µ−K∗(892)0 LF < 5.9 × 10−8 CL=90% 659e−K∗(892)0 LF < 3.4 × 10−8 CL=90% 665
µ−K∗(892)0 LF < 7.0 × 10−8 CL=90% 659e− η′(958) LF < 1.6 × 10−7 CL=90% 630
µ−η′(958) LF < 1.3 × 10−7 CL=90% 625e− f0(980) → e−π+π− LF < 3.2 × 10−8 CL=90% {
µ− f0(980) → µ−π+π− LF < 3.4 × 10−8 CL=90% {e−φ LF < 3.1 × 10−8 CL=90% 596
µ−φ LF < 8.4 × 10−8 CL=90% 590e− e+ e− LF < 2.7 × 10−8 CL=90% 888e−µ+µ− LF < 2.7 × 10−8 CL=90% 882e+µ−µ− LF < 1.7 × 10−8 CL=90% 882
µ− e+ e− LF < 1.8 × 10−8 CL=90% 885
µ+ e− e− LF < 1.5 × 10−8 CL=90% 885
µ−µ+µ− LF < 2.1 × 10−8 CL=90% 873e−π+π− LF < 2.3 × 10−8 CL=90% 877e+π−π− L < 2.0 × 10−8 CL=90% 877
µ−π+π− LF < 2.1 × 10−8 CL=90% 866
µ+π−π− L < 3.9 × 10−8 CL=90% 866e−π+K− LF < 3.7 × 10−8 CL=90% 813e−π−K+ LF < 3.1 × 10−8 CL=90% 813e+π−K− L < 3.2 × 10−8 CL=90% 813e−K0S K0S LF < 7.1 × 10−8 CL=90% 736e−K+K− LF < 3.4 × 10−8 CL=90% 738e+K−K− L < 3.3 × 10−8 CL=90% 738
µ−π+K− LF < 8.6 × 10−8 CL=90% 800
µ−π−K+ LF < 4.5 × 10−8 CL=90% 800
µ+π−K− L < 4.8 × 10−8 CL=90% 800
µ−K0S K0S LF < 8.0 × 10−8 CL=90% 696
µ−K+K− LF < 4.4 × 10−8 CL=90% 699
µ+K−K− L < 4.7 × 10−8 CL=90% 699e−π0π0 LF < 6.5 × 10−6 CL=90% 878
µ−π0π0 LF < 1.4 × 10−5 CL=90% 867e− ηη LF < 3.5 × 10−5 CL=90% 699
µ−ηη LF < 6.0 × 10−5 CL=90% 653e−π0 η LF < 2.4 × 10−5 CL=90% 798
µ−π0 η LF < 2.2 × 10−5 CL=90% 784pµ−µ− L,B < 4.4 × 10−7 CL=90% 618pµ+µ− L,B < 3.3 × 10−7 CL=90% 618pγ L,B < 3.5 × 10−6 CL=90% 641pπ0 L,B < 1.5 × 10−5 CL=90% 632p2π0 L,B < 3.3 × 10−5 CL=90% 604pη L,B < 8.9 × 10−6 CL=90% 475pπ0 η L,B < 2.7 × 10−5 CL=90% 360�π− L,B < 7.2 × 10−8 CL=90% 525�π− L,B < 1.4 × 10−7 CL=90% 525e− light boson LF < 2.7 × 10−3 CL=95% {
µ− light boson LF < 5 × 10−3 CL=95% {
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Lepton Summary Table 23232323Heavy Charged Lepton SearhesHeavy Charged Lepton SearhesHeavy Charged Lepton SearhesHeavy Charged Lepton SearhesL± { harged leptonL± { harged leptonL± { harged leptonL± { harged leptonMass m > 100.8 GeV, CL = 95% [h℄ Deay to νW .L± { stable harged heavy leptonL± { stable harged heavy leptonL± { stable harged heavy leptonL± { stable harged heavy leptonMass m > 102.6 GeV, CL = 95%Neutrino PropertiesNeutrino PropertiesNeutrino PropertiesNeutrino PropertiesSee the note on \Neutrino properties listings" in the Partile Listings.Mass m < 2 eV (tritium deay)Mean life/mass, τ/m > 300 s/eV, CL = 90% (reator)Mean life/mass, τ/m > 7× 109 s/eV (solar)Mean life/mass, τ/m > 15.4 s/eV, CL = 90% (aelerator)Magneti moment µ < 0.29× 10−10 µB , CL = 90% (reator)Number of Neutrino TypesNumber of Neutrino TypesNumber of Neutrino TypesNumber of Neutrino TypesNumber N = 2.984 ± 0.008 (Standard Model �ts to LEP-SLCdata)Number N = 2.92 ± 0.05 (S = 1.2) (Diret measurement ofinvisible Z width)Neutrino MixingNeutrino MixingNeutrino MixingNeutrino MixingThe following values are obtained through data analyses based onthe 3-neutrino mixing sheme desribed in the review \NeutrinoMass, Mixing, and Osillations" by K. Nakamura and S.T. Petovin this Review.sin2(θ12) = 0.307 ± 0.013�m221 = (7.53 ± 0.18)× 10−5 eV2sin2(θ23) = 0.421+0.033
−0.025 (S = 1.3) (Inverted order, quad. I)sin2(θ23) = 0.592+0.023
−0.030 (S = 1.1) (Inverted order, quad. II)sin2(θ23) = 0.417+0.025
−0.028 (S = 1.2) (Normal order, quad. I)sin2(θ23) = 0.597+0.024
−0.030 (S = 1.2) (Normal order, quad. II)�m232 = (−2.56 ± 0.04)× 10−3 eV2 (Inverted order)�m232 = (2.51 ± 0.05)× 10−3 eV2 (S = 1.1) (Normal order)sin2(θ13) = (2.12 ± 0.08)× 10−2Stable Neutral Heavy Lepton Mass LimitsStable Neutral Heavy Lepton Mass LimitsStable Neutral Heavy Lepton Mass LimitsStable Neutral Heavy Lepton Mass LimitsMass m > 45.0 GeV, CL = 95% (Dira)Mass m > 39.5 GeV, CL = 95% (Majorana)Neutral Heavy Lepton Mass LimitsNeutral Heavy Lepton Mass LimitsNeutral Heavy Lepton Mass LimitsNeutral Heavy Lepton Mass LimitsMass m > 90.3 GeV, CL = 95%(Dira νL oupling to e, µ, τ ; onservative ase(τ))Mass m > 80.5 GeV, CL = 95%(Majorana νL oupling to e, µ, τ ; onservative ase(τ))
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24242424 Lepton Summary Table NOTESIn this Summary Table:When a quantity has \(S = . . .)" to its right, the error on the quantity has beenenlarged by the \sale fator" S, de�ned as S = √

χ2/(N − 1), where N is thenumber of measurements used in alulating the quantity.A deay momentum p is given for eah deay mode. For a 2-body deay, p is themomentum of eah deay produt in the rest frame of the deaying partile. For a3-or-more-body deay, p is the largest momentum any of the produts an have inthis frame.[a℄ This is the best limit for the mode e− → ν γ. The best limit for \eletrondisappearane" is 6.4× 1024 yr.[b℄ See the \Note on Muon Deay Parameters" in the µ Partile Listings inthe Full Review of Partile Physis for de�nitions and details.[ ℄ Pµ is the longitudinal polarization of the muon from pion deay. Instandard V−A theory, Pµ = 1 and ρ = δ = 3/4.[d ℄ This only inludes events with energy of e > 45 MeV and energy of
γ > 40 MeV. Sine the e− νe νµ and e−νe νµ γ modes annot be learlyseparated, we regard the latter mode as a subset of the former.[e℄ See the relevant Partile Listings in the Full Review of Partile Physisfor the energy limits used in this measurement.[f ℄ A test of additive vs. multipliative lepton family number onservation.[g ℄ Basis mode for the τ .[h℄ L± mass limit depends on deay assumptions; see the Full Listings.
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Quark Summary Table 25252525QUARKSQUARKSQUARKSQUARKSThe u-, d-, and s-quark masses are estimates of so-alled \urrent-quark masses," in a mass-independent subtration sheme suh as MSat a sale µ ≈ 2 GeV. The - and b-quark masses are the \running"masses in the MS sheme. This an be di�erent from the heavy quarkmasses obtained in potential models.uuuu I (JP ) = 12 (12+)mu = 2.2+0.5
−0.4 MeV Charge = 23 e Iz = +12mu/md = 0.48+0.07

−0.08dddd I (JP ) = 12 (12+)md = 4.7+0.5
−0.3 MeV Charge = −

13 e Iz = −
12ms/md = 17{22m = (mu+md)/2 = 3.5+0.5

−0.2 MeVssss I (JP ) = 0(12+)ms = 95+9
−3 MeV Charge = −

13 e Strangeness = −1ms / ((mu + md )/2) = 27.3 ± 0.7 I (JP ) = 0(12+)m = 1.275+0.025
−0.035 GeV Charge = 23 e Charm = +1m/ms = 11.72 ± 0.25mb/m = 4.53 ± 0.05mb−m = 3.45 ± 0.05 GeVbbbb I (JP ) = 0(12+)mb = 4.18+0.04

−0.03 GeV Charge = −
13 e Bottom = −1tttt I (JP ) = 0(12+)Charge = 23 e Top = +1Mass (diret measurements) m = 173.0 ± 0.4 GeV [a,b℄ (S = 1.3)Mass (from ross-setion measurements) m = 160+5

−4 GeV [a℄Mass (Pole from ross-setion measurements) m = 173.1 ± 0.9 GeVmt − mt = −0.16 ± 0.19 GeVFull width � = 1.41+0.19
−0.15 GeV (S = 1.4)�(W b)/�(W q (q = b, s , d)) = 0.957 ± 0.034 (S = 1.5)
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26262626 Quark Summary Tablet-quark EW Couplingst-quark EW Couplingst-quark EW Couplingst-quark EW CouplingsF0 = 0.687 ± 0.018F− = 0.320 ± 0.013F+ = 0.002 ± 0.011FV +A < 0.29, CL = 95% pt DECAY MODESt DECAY MODESt DECAY MODESt DECAY MODES Fration (�i /�) Con�dene level (MeV/)t → W q (q = b, s , d) {t → W b {t → e νe b (13.3±0.6) % {t → µνµb (13.4±0.6) % {t → τ ντ b ( 7.1±0.6) % {t → qq b (66.5±1.4) % {�T = 1 weak neutral urrent (T1) modes�T = 1 weak neutral urrent (T1) modes�T = 1 weak neutral urrent (T1) modes�T = 1 weak neutral urrent (T1) modest → Z q (q=u,) T1 [℄ < 5 × 10−4 95% {t → Hu T1 < 2.4 × 10−3 95% {t → H  T1 < 2.2 × 10−3 95% {t → ℓ+qq′ (q=d ,s ,b;q′=u,) T1 < 1.6 × 10−3 95% {b′ (4th Generation) Quark, Searhes forb′ (4th Generation) Quark, Searhes forb′ (4th Generation) Quark, Searhes forb′ (4th Generation) Quark, Searhes forMass m > 190 GeV, CL = 95% (pp, quasi-stable b′)Mass m > 755 GeV, CL = 95% (pp, neutral-urrent deays)Mass m > 880 GeV, CL = 95% (pp, harged-urrent deays)Mass m > 46.0 GeV, CL = 95% (e+ e−, all deays)t ′ (4th Generation) Quark, Searhes fort ′ (4th Generation) Quark, Searhes fort ′ (4th Generation) Quark, Searhes fort ′ (4th Generation) Quark, Searhes form(t ′(2/3)) > 1160 GeV, CL = 95% (neutral-urrent deays)m(t ′(2/3)) > 770 GeV, CL = 95% (harged-urrent deays)m(t ′(5/3)) > 990 GeV, CL = 95%Free Quark SearhesFree Quark SearhesFree Quark SearhesFree Quark SearhesAll searhes sine 1977 have had negative results.NOTES[a℄ A disussion of the de�nition of the top quark mass in these measure-ments an be found in the review \The Top Quark."[b℄ Based on published top mass measurements using data from TevatronRun-I and Run-II and LHC at √s = 7 TeV. Inluding the most reent un-published results from Tevatron Run-II, the Tevatron Eletroweak Work-ing Group reports a top mass of 173.2 ± 0.9 GeV. See the note \TheTop Quark' in the Quark Partile Listings of this Review.[ ℄ This limit is for �(t → Z q)/�(t → W b).
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Meson Summary Table 27272727LIGHT UNFLAVORED MESONSLIGHT UNFLAVORED MESONSLIGHT UNFLAVORED MESONSLIGHT UNFLAVORED MESONS(S = C = B = 0)(S = C = B = 0)(S = C = B = 0)(S = C = B = 0)For I = 1 (π, b, ρ, a): ud , (uu−dd)/√2, du;for I = 0 (η, η′, h, h′, ω, φ, f , f ′): 1(uu + d d) + 2(s s)
π
±π
±

π
±π
± IG (JP ) = 1−(0−)Mass m = 139.57061 ± 0.00024 MeV (S = 1.6)Mean life τ = (2.6033 ± 0.0005)× 10−8 s (S = 1.2)τ = 7.8045 m

π±
→ ℓ±ν γ form fatorsπ±
→ ℓ±ν γ form fatorsπ±
→ ℓ±ν γ form fatorsπ±
→ ℓ±ν γ form fators [a℄FV = 0.0254 ± 0.0017FA = 0.0119 ± 0.0001FV slope parameter a = 0.10 ± 0.06R = 0.059+0.009

−0.008
π− modes are harge onjugates of the modes below.For deay limits to partiles whih are not established, see the setion onSearhes for Axions and Other Very Light Bosons. p

π+ DECAY MODESπ+ DECAY MODESπ+ DECAY MODESπ+ DECAY MODES Fration (�i /�) Con�dene level (MeV/)
µ+νµ [b℄ (99.98770±0.00004) % 30

µ+νµ γ [℄ ( 2.00 ±0.25 )× 10−4 30e+ νe [b℄ ( 1.230 ±0.004 )× 10−4 70e+ νe γ [℄ ( 7.39 ±0.05 )× 10−7 70e+ νe π0 ( 1.036 ±0.006 )× 10−8 4e+ νe e+ e− ( 3.2 ±0.5 )× 10−9 70e+ νe ν ν < 5 × 10−6 90% 70Lepton Family number (LF) or Lepton number (L) violating modesLepton Family number (LF) or Lepton number (L) violating modesLepton Family number (LF) or Lepton number (L) violating modesLepton Family number (LF) or Lepton number (L) violating modes
µ+νe L [d℄ < 1.5 × 10−3 90% 30
µ+νe LF [d℄ < 8.0 × 10−3 90% 30
µ− e+ e+ν LF < 1.6 × 10−6 90% 30
π
0π
0

π
0π
0 IG (JPC ) = 1−(0−+)Mass m = 134.9770 ± 0.0005 MeV (S = 1.1)m

π± − m
π0 = 4.5936 ± 0.0005 MeVMean life τ = (8.52 ± 0.18)× 10−17 s (S = 1.2)τ = 25.5 nmFor deay limits to partiles whih are not established, see the appropriateSearh setions (A0 (axion) and Other Light Boson (X0) Searhes, et.).Sale fator/ p

π0 DECAY MODESπ0 DECAY MODESπ0 DECAY MODESπ0 DECAY MODES Fration (�i /�) Con�dene level (MeV/)2γ (98.823±0.034) % S=1.5 67e+ e−γ ( 1.174±0.035) % S=1.5 67
γ positronium ( 1.82 ±0.29 )× 10−9 67e+ e+ e− e− ( 3.34 ±0.16 )× 10−5 67

db2018.pp-ALL.pdf   28 9/14/18   4:35 PM



28282828 Meson Summary Tablee+ e− ( 6.46 ±0.33 )× 10−8 674γ < 2 × 10−8 CL=90% 67
ν ν [e℄ < 2.7 × 10−7 CL=90% 67

νe νe < 1.7 × 10−6 CL=90% 67
νµ νµ < 1.6 × 10−6 CL=90% 67
ντ ντ < 2.1 × 10−6 CL=90% 67
γ ν ν < 6 × 10−4 CL=90% 67Charge onjugation (C ) or Lepton Family number (LF ) violating modesCharge onjugation (C ) or Lepton Family number (LF ) violating modesCharge onjugation (C ) or Lepton Family number (LF ) violating modesCharge onjugation (C ) or Lepton Family number (LF ) violating modes3γ C < 3.1 × 10−8 CL=90% 67

µ+ e− LF < 3.8 × 10−10 CL=90% 26
µ− e+ LF < 3.4 × 10−9 CL=90% 26
µ+ e− + µ− e+ LF < 3.6 × 10−10 CL=90% 26
ηηηη IG (JPC ) = 0+(0−+)Mass m = 547.862 ± 0.017 MeVFull width � = 1.31 ± 0.05 keVC-nononserving deay parametersC-nononserving deay parametersC-nononserving deay parametersC-nononserving deay parameters

π+π−π0 left-right asymmetry = (0.09+0.11
−0.12)× 10−2

π+π−π0 sextant asymmetry = (0.12+0.10
−0.11)× 10−2

π+π−π0 quadrant asymmetry = (−0.09 ± 0.09)× 10−2
π+π− γ left-right asymmetry = (0.9 ± 0.4)× 10−2
π+π− γ β (D-wave) = −0.02 ± 0.07 (S = 1.3)CP-nononserving deay parametersCP-nononserving deay parametersCP-nononserving deay parametersCP-nononserving deay parameters
π+π− e+ e− deay-plane asymmetry Aφ = (−0.6 ± 3.1)× 10−2Dalitz plot parameterDalitz plot parameterDalitz plot parameterDalitz plot parameter
π0π0π0 α = −0.0318 ± 0.0015Parameter � in η → ℓ+ ℓ−γ deay = 0.716 ± 0.011 GeV/2Sale fator/ p

η DECAY MODESη DECAY MODESη DECAY MODESη DECAY MODES Fration (�i /�) Con�dene level (MeV/)Neutral modesNeutral modesNeutral modesNeutral modesneutral modes (72.12±0.34) % S=1.2 {2γ (39.41±0.20) % S=1.1 2743π0 (32.68±0.23) % S=1.1 179
π0 2γ ( 2.56±0.22)× 10−4 2572π0 2γ < 1.2 × 10−3 CL=90% 2384γ < 2.8 × 10−4 CL=90% 274invisible < 1.0 × 10−4 CL=90% {Charged modesCharged modesCharged modesCharged modesharged modes (28.10±0.34) % S=1.2 {
π+π−π0 (22.92±0.28) % S=1.2 174
π+π−γ ( 4.22±0.08) % S=1.1 236e+ e−γ ( 6.9 ±0.4 )× 10−3 S=1.3 274
µ+µ− γ ( 3.1 ±0.4 )× 10−4 253e+ e− < 2.3 × 10−6 CL=90% 274
µ+µ− ( 5.8 ±0.8 )× 10−6 2532e+2e− ( 2.40±0.22)× 10−5 274
π+π− e+ e− (γ) ( 2.68±0.11)× 10−4 235e+ e−µ+µ−

< 1.6 × 10−4 CL=90% 2532µ+2µ−
< 3.6 × 10−4 CL=90% 161
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Meson Summary Table 29292929
µ+µ−π+π−

< 3.6 × 10−4 CL=90% 113
π+ e−νe+ .. < 1.7 × 10−4 CL=90% 256
π+π−2γ < 2.1 × 10−3 236
π+π−π0 γ < 5 × 10−4 CL=90% 174
π0µ+µ−γ < 3 × 10−6 CL=90% 210Charge onjugation (C ), Parity (P),Charge onjugation (C ), Parity (P),Charge onjugation (C ), Parity (P),Charge onjugation (C ), Parity (P),Charge onjugation × Parity (CP), orCharge onjugation × Parity (CP), orCharge onjugation × Parity (CP), orCharge onjugation × Parity (CP), orLepton Family number (LF ) violating modesLepton Family number (LF ) violating modesLepton Family number (LF ) violating modesLepton Family number (LF ) violating modes

π0 γ C < 9 × 10−5 CL=90% 257
π+π− P,CP < 1.3 × 10−5 CL=90% 2362π0 P,CP < 3.5 × 10−4 CL=90% 2382π0 γ C < 5 × 10−4 CL=90% 2383π0 γ C < 6 × 10−5 CL=90% 1793γ C < 1.6 × 10−5 CL=90% 2744π0 P,CP < 6.9 × 10−7 CL=90% 40
π0 e+ e− C [f ℄ < 4 × 10−5 CL=90% 257
π0µ+µ− C [f ℄ < 5 × 10−6 CL=90% 210
µ+ e− + µ− e+ LF < 6 × 10−6 CL=90% 264f0(500)f0(500)f0(500)f0(500) [g ℄ IG (JPC ) = 0+(0 + +)Mass (T-Matrix Pole √

s) = (400{550)−i(200{350) MeVMass (Breit-Wigner) = (400{550) MeVFull width (Breit-Wigner) = (400{700) MeVf0(500) DECAY MODESf0(500) DECAY MODESf0(500) DECAY MODESf0(500) DECAY MODES Fration (�i /�) p (MeV/)
ππ dominant {See Partile Listings for 1 deay modes that have been seen / not seen.
ρ(770)ρ(770)ρ(770)ρ(770) [h℄ IG (JPC ) = 1+(1−−)Mass m = 775.26 ± 0.25 MeVFull width � = 149.1 ± 0.8 MeV�ee = 7.04 ± 0.06 keV Sale fator/ p

ρ(770) DECAY MODESρ(770) DECAY MODESρ(770) DECAY MODESρ(770) DECAY MODES Fration (�i /�) Con�dene level (MeV/)
ππ ∼ 100 % 363

ρ(770)± deaysρ(770)± deaysρ(770)± deaysρ(770)± deays
π± γ ( 4.5 ±0.5 )× 10−4 S=2.2 375
π± η < 6 × 10−3 CL=84% 152
π±π+π−π0 < 2.0 × 10−3 CL=84% 254

ρ(770)0 deaysρ(770)0 deaysρ(770)0 deaysρ(770)0 deays
π+π−γ ( 9.9 ±1.6 )× 10−3 362
π0 γ ( 4.7 ±0.6 )× 10−4 S=1.4 376
ηγ ( 3.00±0.21 )× 10−4 194
π0π0 γ ( 4.5 ±0.8 )× 10−5 363
µ+µ− [i ℄ ( 4.55±0.28 )× 10−5 373e+ e− [i ℄ ( 4.72±0.05 )× 10−5 388
π+π−π0 ( 1.01+0.54

−0.36±0.34)× 10−4 323
π+π−π+π− ( 1.8 ±0.9 )× 10−5 251
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30303030 Meson Summary Table
π+π−π0π0 ( 1.6 ±0.8 )× 10−5 257
π0 e+ e− < 1.2 × 10−5 CL=90% 376
ω(782)ω(782)ω(782)ω(782) IG (JPC ) = 0−(1−−)Mass m = 782.65 ± 0.12 MeV (S = 1.9)Full width � = 8.49 ± 0.08 MeV�ee = 0.60 ± 0.02 keV Sale fator/ p

ω(782) DECAY MODESω(782) DECAY MODESω(782) DECAY MODESω(782) DECAY MODES Fration (�i /�) Con�dene level (MeV/)
π+π−π0 (89.2 ±0.7 ) % 327
π0 γ ( 8.40±0.22) % S=1.8 380
π+π− ( 1.53+0.11

−0.13) % S=1.2 366neutrals (exludingπ0 γ ) ( 7 +7
−4 )× 10−3 S=1.1 {

ηγ ( 4.5 ±0.4 )× 10−4 S=1.1 200
π0 e+ e− ( 7.7 ±0.6 )× 10−4 380
π0µ+µ− ( 1.34±0.18)× 10−4 S=1.5 349e+ e− ( 7.36±0.15)× 10−5 S=1.5 391
π+π−π0π0 < 2 × 10−4 CL=90% 262
π+π−γ < 3.6 × 10−3 CL=95% 366
π+π−π+π−

< 1 × 10−3 CL=90% 256
π0π0 γ ( 6.7 ±1.1 )× 10−5 367
ηπ0 γ < 3.3 × 10−5 CL=90% 162
µ+µ− ( 7.4 ±1.8 )× 10−5 3773γ < 1.9 × 10−4 CL=95% 391Charge onjugation (C ) violating modesCharge onjugation (C ) violating modesCharge onjugation (C ) violating modesCharge onjugation (C ) violating modes
ηπ0 C < 2.2 × 10−4 CL=90% 1622π0 C < 2.2 × 10−4 CL=90% 3673π0 C < 2.3 × 10−4 CL=90% 330
η
′(958)η
′(958)η
′(958)η
′(958) IG (JPC ) = 0+(0−+)Mass m = 957.78 ± 0.06 MeVFull width � = 0.196 ± 0.009 MeV p

η′(958) DECAY MODESη′(958) DECAY MODESη′(958) DECAY MODESη′(958) DECAY MODES Fration (�i /�) Con�dene level (MeV/)
π+π−η (42.6 ±0.7 ) % 232
ρ0 γ (inluding non-resonant

π+ π− γ) (28.9 ±0.5 ) % 165
π0π0 η (22.8 ±0.8 ) % 239
ωγ ( 2.62±0.13) % 159
ω e+ e− ( 2.0 ±0.4 )× 10−4 159
γ γ ( 2.22±0.08) % 4793π0 ( 2.54±0.18)× 10−3 430
µ+µ− γ ( 1.09±0.27)× 10−4 467
π+π−µ+µ−

< 2.9 × 10−5 90% 401
π+π−π0 ( 3.61±0.17)× 10−3 428(π+π−π0) S-wave ( 3.8 ±0.5 )× 10−3 428
π∓ ρ± ( 7.4 ±2.3 )× 10−4 106
π0 ρ0 < 4 % 90% 1112(π+π−) ( 8.6 ±0.9 )× 10−5 372
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Meson Summary Table 31313131
π+π−2π0 ( 1.8 ±0.4 )× 10−4 3762(π+π−) neutrals < 1 % 95% {2(π+π−)π0 < 1.8 × 10−3 90% 2982(π+π−)2π0 < 1 % 95% 1973(π+π−) < 3.1 × 10−5 90% 189K±π∓

< 4 × 10−5 90% 334
π+π− e+ e− ( 2.4 +1.3

−1.0 )× 10−3 458
π+ e−νe+ .. < 2.1 × 10−4 90% 469
γ e+ e− ( 4.73±0.30)× 10−4 479
π0 γ γ ( 3.20±0.24)× 10−3 469
π0 γ γ (non resonant) ( 6.2 ±0.9 )× 10−4 {4π0 < 3.2 × 10−4 90% 380e+ e− < 5.6 × 10−9 90% 479invisible < 5 × 10−4 90% {Charge onjugation (C ), Parity (P),Charge onjugation (C ), Parity (P),Charge onjugation (C ), Parity (P),Charge onjugation (C ), Parity (P),Lepton family number (LF ) violating modesLepton family number (LF ) violating modesLepton family number (LF ) violating modesLepton family number (LF ) violating modes
π+π− P,CP < 1.8 × 10−5 90% 458
π0π0 P,CP < 5 × 10−4 90% 459
π0 e+ e− C [f ℄ < 1.4 × 10−3 90% 469
ηe+ e− C [f ℄ < 2.4 × 10−3 90% 3223γ C < 1.1 × 10−4 90% 479
µ+µ−π0 C [f ℄ < 6.0 × 10−5 90% 445
µ+µ− η C [f ℄ < 1.5 × 10−5 90% 273eµ LF < 4.7 × 10−4 90% 473f0(980)f0(980)f0(980)f0(980) [j℄ IG (JPC ) = 0+(0 + +)Mass m = 990 ± 20 MeVFull width � = 10 to 100 MeVf0(980) DECAY MODESf0(980) DECAY MODESf0(980) DECAY MODESf0(980) DECAY MODES Fration (�i /�) p (MeV/)
ππ dominant 476See Partile Listings for 2 deay modes that have been seen / not seen.a0(980)a0(980)a0(980)a0(980) [j℄ IG (JPC ) = 1−(0 + +)Mass m = 980 ± 20 MeVFull width � = 50 to 100 MeVa0(980) DECAY MODESa0(980) DECAY MODESa0(980) DECAY MODESa0(980) DECAY MODES Fration (�i /�) p (MeV/)
ηπ dominant 319See Partile Listings for 2 deay modes that have been seen / not seen.
φ(1020)φ(1020)φ(1020)φ(1020) IG (JPC ) = 0−(1−−)Mass m = 1019.461 ± 0.016 MeVFull width � = 4.249 ± 0.013 MeV (S = 1.1) Sale fator/ p

φ(1020) DECAY MODESφ(1020) DECAY MODESφ(1020) DECAY MODESφ(1020) DECAY MODES Fration (�i /�) Con�dene level (MeV/)K+K− (49.2 ±0.5 ) % S=1.3 127K0LK0S (34.0 ±0.4 ) % S=1.3 110
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32323232 Meson Summary Table
ρπ + π+π−π0 (15.24 ±0.33 ) % S=1.2 {
ηγ ( 1.303±0.025) % S=1.2 363
π0 γ ( 1.30 ±0.05 )× 10−3 501
ℓ+ ℓ− | 510e+ e− ( 2.973±0.034)× 10−4 S=1.3 510

µ+µ− ( 2.86 ±0.19 )× 10−4 499
ηe+ e− ( 1.08 ±0.04 )× 10−4 363
π+π− ( 7.3 ±1.3 )× 10−5 490
ωπ0 ( 4.7 ±0.5 )× 10−5 171
ωγ < 5 % CL=84% 209
ργ < 1.2 × 10−5 CL=90% 215
π+π−γ ( 4.1 ±1.3 )× 10−5 490f0(980)γ ( 3.22 ±0.19 )× 10−4 S=1.1 29
π0π0 γ ( 1.12 ±0.06 )× 10−4 492
π+π−π+π− ( 3.9 +2.8

−2.2 )× 10−6 410
π+π+π−π−π0 < 4.6 × 10−6 CL=90% 342
π0 e+ e− ( 1.33 +0.07

−0.10 )× 10−5 501
π0 ηγ ( 7.27 ±0.30 )× 10−5 S=1.5 346a0(980)γ ( 7.6 ±0.6 )× 10−5 39K0K0 γ < 1.9 × 10−8 CL=90% 110
η′(958)γ ( 6.22 ±0.21 )× 10−5 60
ηπ0π0 γ < 2 × 10−5 CL=90% 293
µ+µ− γ ( 1.4 ±0.5 )× 10−5 499
ργ γ < 1.2 × 10−4 CL=90% 215
ηπ+π−

< 1.8 × 10−5 CL=90% 288
ηµ+µ−

< 9.4 × 10−6 CL=90% 321
ηU → ηe+ e− < 1 × 10−6 CL=90% {Lepton Family number (LF) violating modesLepton Family number (LF) violating modesLepton Family number (LF) violating modesLepton Family number (LF) violating modese±µ∓ LF < 2 × 10−6 CL=90% 504h1(1170)h1(1170)h1(1170)h1(1170) IG (JPC ) = 0−(1 +−)Mass m = 1170 ± 20 MeVFull width � = 360 ± 40 MeVb1(1235)b1(1235)b1(1235)b1(1235) IG (JPC ) = 1+(1 +−)Mass m = 1229.5 ± 3.2 MeV (S = 1.6)Full width � = 142 ± 9 MeV (S = 1.2) pb1(1235) DECAY MODESb1(1235) DECAY MODESb1(1235) DECAY MODESb1(1235) DECAY MODES Fration (�i /�) Con�dene level (MeV/)
ωπ dominant 348[D/S amplitude ratio = 0.277 ± 0.027℄
π± γ ( 1.6±0.4)× 10−3 607
π+π+π−π0 < 50 % 84% 535(KK )±π0 < 8 % 90% 248K0S K0Lπ±

< 6 % 90% 235K0S K0S π±
< 2 % 90% 235

φπ < 1.5 % 84% 147See Partile Listings for 2 deay modes that have been seen / not seen.
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Meson Summary Table 33333333a1(1260)a1(1260)a1(1260)a1(1260) [k℄ IG (JPC ) = 1−(1 + +)Mass m = 1230 ± 40 MeV [l℄Full width � = 250 to 600 MeVf2(1270)f2(1270)f2(1270)f2(1270) IG (JPC ) = 0+(2 + +)Mass m = 1275.5 ± 0.8 MeVFull width � = 186.7+2.2
−2.5 MeV (S = 1.4) Sale fator/ pf2(1270) DECAY MODESf2(1270) DECAY MODESf2(1270) DECAY MODESf2(1270) DECAY MODES Fration (�i /�) Con�dene level (MeV/)

ππ (84.2 +2.9
−0.9 ) % S=1.1 623

π+π−2π0 ( 7.7 +1.1
−3.2 ) % S=1.2 563K K ( 4.6 +0.5
−0.4 ) % S=2.7 4042π+2π− ( 2.8 ±0.4 ) % S=1.2 560

ηη ( 4.0 ±0.8 )× 10−3 S=2.1 3264π0 ( 3.0 ±1.0 )× 10−3 565
γ γ ( 1.42±0.24)× 10−5 S=1.4 638
ηππ < 8 × 10−3 CL=95% 478K0K−π++ .. < 3.4 × 10−3 CL=95% 293e+ e− < 6 × 10−10 CL=90% 638f1(1285)f1(1285)f1(1285)f1(1285) IG (JPC ) = 0+(1 + +)Mass m = 1281.9 ± 0.5 MeV (S = 1.8)Full width � = 22.7 ± 1.1 MeV (S = 1.5) Sale fator/ pf1(1285) DECAY MODESf1(1285) DECAY MODESf1(1285) DECAY MODESf1(1285) DECAY MODES Fration (�i /�) Con�dene level (MeV/)4π (33.5+ 2.0

− 1.8) % S=1.3 568
π0π0π+π− (22.3+ 1.3

− 1.2) % S=1.3 5662π+2π− (11.2+ 0.7
− 0.6) % S=1.3 563

ρ0π+π− (11.2+ 0.7
− 0.6) % S=1.3 3364π0 < 7 × 10−4 CL=90% 568

ηπ+π− (35 ±15 ) % 479
ηππ (52.0+ 1.8

− 2.1) % S=1.2 482a0(980)π [ignoring a0(980) →K K ℄ (38 ± 4 ) % 238
ηππ [exluding a0(980)π℄ (14 ± 4 ) % 482K K π ( 9.1± 0.4) % S=1.1 308

π+π−π0 ( 3.0± 0.9)× 10−3 603
ρ±π∓

< 3.1 × 10−3 CL=95% 390
γ ρ0 ( 5.3± 1.2) % S=2.9 406
φγ ( 7.5± 2.7)× 10−4 236See Partile Listings for 2 deay modes that have been seen / not seen.
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34343434 Meson Summary Table
η(1295)η(1295)η(1295)η(1295) IG (JPC ) = 0+(0−+)Mass m = 1294 ± 4 MeV (S = 1.6)Full width � = 55 ± 5 MeV
π(1300)π(1300)π(1300)π(1300) IG (JPC ) = 1−(0−+)Mass m = 1300 ± 100 MeV [l℄Full width � = 200 to 600 MeVa2(1320)a2(1320)a2(1320)a2(1320) IG (JPC ) = 1−(2 + +)Mass m = 1318.3+0.5

−0.6 MeV (S = 1.2)Full width � = 107 ± 5 MeV [l℄ Sale fator/ pa2(1320) DECAY MODESa2(1320) DECAY MODESa2(1320) DECAY MODESa2(1320) DECAY MODES Fration (�i /�) Con�dene level (MeV/)3π (70.1 ±2.7 ) % S=1.2 624
ηπ (14.5 ±1.2 ) % 535
ωππ (10.6 ±3.2 ) % S=1.3 366K K ( 4.9 ±0.8 ) % 437
η′(958)π ( 5.5 ±0.9 )× 10−3 288
π± γ ( 2.91±0.27)× 10−3 652
γ γ ( 9.4 ±0.7 )× 10−6 659e+ e− < 5 × 10−9 CL=90% 659f0(1370)f0(1370)f0(1370)f0(1370) [j℄ IG (JPC ) = 0+(0 + +)Mass m = 1200 to 1500 MeVFull width � = 200 to 500 MeVf0(1370) DECAY MODESf0(1370) DECAY MODESf0(1370) DECAY MODESf0(1370) DECAY MODES Fration (�i /�) p (MeV/)

ρρ dominant †See Partile Listings for 15 deay modes that have been seen / not seen.
π1(1400)π1(1400)π1(1400)π1(1400) [n℄ IG (JPC ) = 1−(1−+)Mass m = 1354 ± 25 MeV (S = 1.8)Full width � = 330 ± 35 MeV
η(1405)η(1405)η(1405)η(1405) [o℄ IG (JPC ) = 0+(0−+)Mass m = 1408.8 ± 1.8 MeV [l℄ (S = 2.1)Full width � = 51.0 ± 2.9 MeV [l℄ (S = 1.8) p

η(1405) DECAY MODESη(1405) DECAY MODESη(1405) DECAY MODESη(1405) DECAY MODES Fration (�i /�) Con�dene level (MeV/)
ρρ <58 % 99.85% †See Partile Listings for 9 deay modes that have been seen / not seen.
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Meson Summary Table 35353535f1(1420)f1(1420)f1(1420)f1(1420) [p℄ IG (JPC ) = 0+(1 + +)Mass m = 1426.4 ± 0.9 MeV (S = 1.1)Full width � = 54.9 ± 2.6 MeVf1(1420) DECAY MODESf1(1420) DECAY MODESf1(1420) DECAY MODESf1(1420) DECAY MODES Fration (�i /�) p (MeV/)K K π dominant 438K K∗(892)+ .. dominant 163See Partile Listings for 2 deay modes that have been seen / not seen.
ω(1420)ω(1420)ω(1420)ω(1420) [q℄ IG (JPC ) = 0−(1−−)Mass m (1400{1450) MeVFull width � (180{250) MeV

ω(1420) DECAY MODESω(1420) DECAY MODESω(1420) DECAY MODESω(1420) DECAY MODES Fration (�i /�) p (MeV/)
ρπ dominant 486See Partile Listings for 3 deay modes that have been seen / not seen.a0(1450)a0(1450)a0(1450)a0(1450) [j℄ IG (JPC ) = 1−(0 + +)Mass m = 1474 ± 19 MeVFull width � = 265 ± 13 MeVa0(1450) DECAY MODESa0(1450) DECAY MODESa0(1450) DECAY MODESa0(1450) DECAY MODES Fration (�i /�) p (MeV/)
πη 0.093±0.020 627
πη′(958) 0.033±0.017 410K K 0.082±0.028 547
ωππ DEFINED AS 1DEFINED AS 1DEFINED AS 1DEFINED AS 1 484See Partile Listings for 2 deay modes that have been seen / not seen.
ρ(1450)ρ(1450)ρ(1450)ρ(1450) [r ℄ IG (JPC ) = 1+(1−−)Mass m = 1465 ± 25 MeV [l℄Full width � = 400 ± 60 MeV [l℄
η(1475)η(1475)η(1475)η(1475) [o℄ IG (JPC ) = 0+(0−+)Mass m = 1476 ± 4 MeV (S = 1.3)Full width � = 85 ± 9 MeV (S = 1.5)

η(1475) DECAY MODESη(1475) DECAY MODESη(1475) DECAY MODESη(1475) DECAY MODES Fration (�i /�) p (MeV/)K K π dominant 477See Partile Listings for 4 deay modes that have been seen / not seen.
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36363636 Meson Summary Tablef0(1500)f0(1500)f0(1500)f0(1500) [n℄ IG (JPC ) = 0+(0 + +)Mass m = 1504 ± 6 MeV (S = 1.3)Full width � = 109 ± 7 MeV pf0(1500) DECAY MODESf0(1500) DECAY MODESf0(1500) DECAY MODESf0(1500) DECAY MODES Fration (�i /�) Sale fator (MeV/)
ππ (34.9±2.3) % 1.2 7404π (49.5±3.3) % 1.2 691
ηη ( 5.1±0.9) % 1.4 515
ηη′(958) ( 1.9±0.8) % 1.7 †K K ( 8.6±1.0) % 1.1 568See Partile Listings for 9 deay modes that have been seen / not seen.f ′2(1525)f ′2(1525)f ′2(1525)f ′2(1525) IG (JPC ) = 0+(2 + +)Mass m = 1525 ± 5 MeV [l℄Full width � = 73+6

−5 MeV [l℄f ′2(1525) DECAY MODESf ′2(1525) DECAY MODESf ′2(1525) DECAY MODESf ′2(1525) DECAY MODES Fration (�i /�) p (MeV/)K K (88.7 ±2.2 ) % 581
ηη (10.4 ±2.2 ) % 530
ππ ( 8.2 ±1.5 )× 10−3 750
γ γ ( 1.10±0.14)× 10−6 763
π1(1600)π1(1600)π1(1600)π1(1600) [n℄ IG (JPC ) = 1−(1−+)Mass m = 1662+8

−9 MeVFull width � = 241 ± 40 MeV (S = 1.4)
η2(1645)η2(1645)η2(1645)η2(1645) IG (JPC ) = 0+(2−+)Mass m = 1617 ± 5 MeVFull width � = 181 ± 11 MeV
ω(1650)ω(1650)ω(1650)ω(1650) [s℄ IG (JPC ) = 0−(1−−)Mass m = 1670 ± 30 MeVFull width � = 315 ± 35 MeV
ω3(1670)ω3(1670)ω3(1670)ω3(1670) IG (JPC ) = 0−(3−−)Mass m = 1667 ± 4 MeVFull width � = 168 ± 10 MeV [l℄
π2(1670)π2(1670)π2(1670)π2(1670) IG (JPC ) = 1−(2−+)Mass m = 1672.2 ± 3.0 MeV [l℄ (S = 1.4)Full width � = 260 ± 9 MeV [l℄ (S = 1.2)

db2018.pp-ALL.pdf   37 9/14/18   4:35 PM



Meson Summary Table 37373737p
π2(1670) DECAY MODESπ2(1670) DECAY MODESπ2(1670) DECAY MODESπ2(1670) DECAY MODES Fration (�i /�) Con�dene level (MeV/)3π (95.8±1.4) % 809f2(1270)π (56.3±3.2) % 328

ρπ (31 ±4 ) % 648
σπ (10.9±3.4) % {
π (ππ)S-wave ( 8.7±3.4) % {K K∗(892)+ .. ( 4.2±1.4) % 455

ωρ ( 2.7±1.1) % 304
π± γ ( 7.0±1.1)× 10−4 830
γ γ < 2.8 × 10−7 90% 836
ρ(1450)π < 3.6 × 10−3 97.7% 147b1(1235)π < 1.9 × 10−3 97.7% 365See Partile Listings for 2 deay modes that have been seen / not seen.
φ(1680)φ(1680)φ(1680)φ(1680) IG (JPC ) = 0−(1−−)Mass m = 1680 ± 20 MeV [l℄Full width � = 150 ± 50 MeV [l℄

φ(1680) DECAY MODESφ(1680) DECAY MODESφ(1680) DECAY MODESφ(1680) DECAY MODES Fration (�i /�) p (MeV/)K K∗(892)+ .. dominant 462See Partile Listings for 7 deay modes that have been seen / not seen.
ρ3(1690)ρ3(1690)ρ3(1690)ρ3(1690) IG (JPC ) = 1+(3−−)Mass m = 1688.8 ± 2.1 MeV [l℄Full width � = 161 ± 10 MeV [l℄ (S = 1.5) p

ρ3(1690) DECAY MODESρ3(1690) DECAY MODESρ3(1690) DECAY MODESρ3(1690) DECAY MODES Fration (�i /�) Sale fator (MeV/)4π (71.1 ± 1.9 ) % 790
π±π+π−π0 (67 ±22 ) % 787
ωπ (16 ± 6 ) % 655

ππ (23.6 ± 1.3 ) % 834K K π ( 3.8 ± 1.2 ) % 629K K ( 1.58± 0.26) % 1.2 685See Partile Listings for 5 deay modes that have been seen / not seen.
ρ(1700)ρ(1700)ρ(1700)ρ(1700) [r ℄ IG (JPC ) = 1+(1−−)Mass m = 1720 ± 20 MeV [l℄ (ηρ0 and π+π− modes)Full width � = 250 ± 100 MeV [l℄ (ηρ0 and π+π− modes)

ρ(1700) DECAY MODESρ(1700) DECAY MODESρ(1700) DECAY MODESρ(1700) DECAY MODES Fration (�i /�) p (MeV/)2(π+π−) large 803
ρππ dominant 653

ρ0π+π− large 651
ρ±π∓π0 large 652See Partile Listings for 12 deay modes that have been seen / not seen.
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38383838 Meson Summary Tablef0(1710)f0(1710)f0(1710)f0(1710) [t℄ IG (JPC ) = 0+(0 + +)Mass m = 1723+6
−5 MeV (S = 1.6)Full width � = 139 ± 8 MeV (S = 1.1)

π(1800)π(1800)π(1800)π(1800) IG (JPC ) = 1−(0−+)Mass m = 1812 ± 12 MeV (S = 2.3)Full width � = 208 ± 12 MeV
φ3(1850)φ3(1850)φ3(1850)φ3(1850) IG (JPC ) = 0−(3−−)Mass m = 1854 ± 7 MeVFull width � = 87+28

−23 MeV (S = 1.2)
π2(1880)π2(1880)π2(1880)π2(1880) IG (JPC ) = 1−(2−+)Mass m = 1895 ± 16 MeVFull width � = 235 ± 34 MeVf2(1950)f2(1950)f2(1950)f2(1950) IG (JPC ) = 0+(2 + +)Mass m = 1944 ± 12 MeV (S = 1.5)Full width � = 472 ± 18 MeVf2(2010)f2(2010)f2(2010)f2(2010) IG (JPC ) = 0+(2 + +)Mass m = 2011+60

−80 MeVFull width � = 202 ± 60 MeVa4(2040)a4(2040)a4(2040)a4(2040) IG (JPC ) = 1−(4 + +)Mass m = 1995+10
− 8 MeV (S = 1.1)Full width � = 257+25

−23 MeV (S = 1.3)f4(2050)f4(2050)f4(2050)f4(2050) IG (JPC ) = 0+(4 + +)Mass m = 2018 ± 11 MeV (S = 2.1)Full width � = 237 ± 18 MeV (S = 1.9)f4(2050) DECAY MODESf4(2050) DECAY MODESf4(2050) DECAY MODESf4(2050) DECAY MODES Fration (�i /�) p (MeV/)
ππ (17.0±1.5) % 1000K K ( 6.8+3.4

−1.8)× 10−3 880
ηη ( 2.1±0.8)× 10−3 8484π0 < 1.2 % 964See Partile Listings for 2 deay modes that have been seen / not seen.
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Meson Summary Table 39393939
φ(2170)φ(2170)φ(2170)φ(2170) IG (JPC ) = 0−(1−−)Mass m = 2188 ± 10 MeV (S = 1.8)Full width � = 83 ± 12 MeVf2(2300)f2(2300)f2(2300)f2(2300) IG (JPC ) = 0+(2 + +)Mass m = 2297 ± 28 MeVFull width � = 149 ± 40 MeVf2(2340)f2(2340)f2(2340)f2(2340) IG (JPC ) = 0+(2 + +)Mass m = 2345+50

−40 MeVFull width � = 322+70
−60 MeVSTRANGEMESONSSTRANGEMESONSSTRANGEMESONSSTRANGEMESONS(S= ±1,C=B=0)(S= ±1,C=B=0)(S= ±1,C=B=0)(S= ±1,C=B=0)K+ = us , K0 = ds , K0 = d s, K− = u s, similarly for K∗'sK±K±K±K± I (JP ) = 12 (0−)Mass m = 493.677 ± 0.016 MeV [u℄ (S = 2.8)Mean life τ = (1.2380 ± 0.0020)× 10−8 s (S = 1.8)τ = 3.711 mCPT violation parameters (� = rate di�erene/sum)CPT violation parameters (� = rate di�erene/sum)CPT violation parameters (� = rate di�erene/sum)CPT violation parameters (� = rate di�erene/sum)�(K±

→ µ±νµ) = (−0.27 ± 0.21)%�(K±
→ π±π0) = (0.4 ± 0.6)% [v ℄CP violation parameters (� = rate di�erene/sum)CP violation parameters (� = rate di�erene/sum)CP violation parameters (� = rate di�erene/sum)CP violation parameters (� = rate di�erene/sum)�(K±
→ π± e+ e−) = (−2.2 ± 1.6)× 10−2�(K±
→ π±µ+µ−) = 0.010 ± 0.023�(K±
→ π±π0 γ) = (0.0 ± 1.2)× 10−3�(K±
→ π±π+π−) = (0.04 ± 0.06)%�(K±
→ π±π0π0) = (−0.02 ± 0.28)%T violation parametersT violation parametersT violation parametersT violation parametersK+

→ π0µ+ νµ PT = (−1.7 ± 2.5)× 10−3K+
→ µ+ νµ γ PT = (−0.6 ± 1.9)× 10−2K+
→ π0µ+ νµ Im(ξ) = −0.006 ± 0.008Slope parameter gSlope parameter gSlope parameter gSlope parameter g [x ℄(See Partile Listings for quadrati oeÆients and alternativeparametrization related to ππ sattering)K±
→ π±π+π− g = −0.21134 ± 0.00017(g+ − g−) / (g+ + g−) = (−1.5 ± 2.2)× 10−4K±
→ π±π0π0 g = 0.626 ± 0.007(g+ − g−) / (g+ + g−) = (1.8 ± 1.8)× 10−4
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40404040 Meson Summary TableK± deay form fatorsK± deay form fatorsK± deay form fatorsK± deay form fators [a,y ℄Assuming µ-e universality
λ+(K+

µ3) = λ+(K+e3) = (2.97 ± 0.05)× 10−2
λ0(K+

µ3) = (1.95 ± 0.12)× 10−2Not assuming µ-e universality
λ+(K+e3) = (2.98 ± 0.05)× 10−2
λ+(K+

µ3) = (2.96 ± 0.17)× 10−2
λ0(K+

µ3) = (1.96 ± 0.13)× 10−2Ke3 form fator quadrati �t
λ'+ (K±e3) linear oe�. = (2.49 ± 0.17)× 10−2
λ′′+(K±e3) quadrati oe�. = (0.19 ± 0.09)× 10−2K+e3 ∣

∣fS/f+∣

∣ = (−0.3+0.8
−0.7)× 10−2K+e3 ∣

∣fT /f+∣

∣ = (−1.2 ± 2.3)× 10−2K+
µ3 ∣

∣fS/f+∣

∣ = (0.2 ± 0.6)× 10−2K+
µ3 ∣

∣fT /f+∣

∣ = (−0.1 ± 0.7)× 10−2K+
→ e+ νe γ

∣

∣FA + FV ∣

∣ = 0.133 ± 0.008 (S = 1.3)K+
→ µ+ νµ γ

∣

∣FA + FV ∣

∣ = 0.165 ± 0.013K+
→ e+ νe γ

∣

∣FA − FV ∣

∣ < 0.49, CL = 90%K+
→ µ+ νµ γ

∣

∣FA − FV ∣

∣ = −0.21 ± 0.06Charge radiusCharge radiusCharge radiusCharge radius
〈r〉 = 0.560 ± 0.031 fmForward-bakward asymmetryForward-bakward asymmetryForward-bakward asymmetryForward-bakward asymmetryAFB(K±

πµµ
) = �(cos(θK µ)>0)−�(cos(θK µ)<0)�(cos(θK µ)>0)+�(cos(θK µ)<0) < 2.3× 10−2, CL =90%K− modes are harge onjugates of the modes below. Sale fator/ pK+ DECAY MODESK+ DECAY MODESK+ DECAY MODESK+ DECAY MODES Fration (�i /�) Con�dene level (MeV/)Leptoni and semileptoni modesLeptoni and semileptoni modesLeptoni and semileptoni modesLeptoni and semileptoni modese+ νe ( 1.582±0.007)× 10−5 247

µ+νµ ( 63.56 ±0.11 ) % S=1.2 236
π0 e+ νe ( 5.07 ±0.04 ) % S=2.1 228Called K+e3.
π0µ+ νµ ( 3.352±0.033) % S=1.9 215Called K+

µ3.
π0π0 e+ νe ( 2.55 ±0.04 )× 10−5 S=1.1 206
π+π− e+ νe ( 4.247±0.024)× 10−5 203
π+π−µ+ νµ ( 1.4 ±0.9 )× 10−5 151
π0π0π0 e+ νe < 3.5 × 10−6 CL=90% 135Hadroni modesHadroni modesHadroni modesHadroni modes
π+π0 ( 20.67 ±0.08 ) % S=1.2 205
π+π0π0 ( 1.760±0.023) % S=1.1 133
π+π+π− ( 5.583±0.024) % 125
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Meson Summary Table 41414141Leptoni and semileptoni modes with photonsLeptoni and semileptoni modes with photonsLeptoni and semileptoni modes with photonsLeptoni and semileptoni modes with photons
µ+νµ γ [z,aa℄ ( 6.2 ±0.8 )× 10−3 236
µ+νµ γ (SD+) [a,bb℄ ( 1.33 ±0.22 )× 10−5 {
µ+νµ γ (SD+INT) [a,bb℄ < 2.7 × 10−5 CL=90% {
µ+νµ γ (SD− + SD−INT) [a,bb℄ < 2.6 × 10−4 CL=90% {e+ νe γ ( 9.4 ±0.4 )× 10−6 247
π0 e+ νe γ [z,aa℄ ( 2.56 ±0.16 )× 10−4 228
π0 e+ νe γ (SD) [a,bb℄ < 5.3 × 10−5 CL=90% 228
π0µ+ νµγ [z,aa℄ ( 1.25 ±0.25 )× 10−5 215
π0π0 e+ νe γ < 5 × 10−6 CL=90% 206Hadroni modes with photons or ℓℓ pairsHadroni modes with photons or ℓℓ pairsHadroni modes with photons or ℓℓ pairsHadroni modes with photons or ℓℓ pairs
π+π0 γ (INT) (− 4.2 ±0.9 )× 10−6 {
π+π0 γ (DE) [z,℄ ( 6.0 ±0.4 )× 10−6 205
π+π0π0 γ [z,aa℄ ( 7.6 +6.0

−3.0 )× 10−6 133
π+π+π− γ [z,aa℄ ( 1.04 ±0.31 )× 10−4 125
π+ γ γ [z ℄ ( 1.01 ±0.06 )× 10−6 227
π+ 3γ [z ℄ < 1.0 × 10−4 CL=90% 227
π+ e+ e− γ ( 1.19 ±0.13 )× 10−8 227Leptoni modes with ℓℓ pairsLeptoni modes with ℓℓ pairsLeptoni modes with ℓℓ pairsLeptoni modes with ℓℓ pairse+ νe ν ν < 6 × 10−5 CL=90% 247
µ+νµ ν ν < 2.4 × 10−6 CL=90% 236e+ νe e+ e− ( 2.48 ±0.20 )× 10−8 247
µ+νµ e+ e− ( 7.06 ±0.31 )× 10−8 236e+ νe µ+µ− ( 1.7 ±0.5 )× 10−8 223
µ+νµ µ+µ−

< 4.1 × 10−7 CL=90% 185Lepton family number (LF ), Lepton number (L), �S = �Q (SQ)Lepton family number (LF ), Lepton number (L), �S = �Q (SQ)Lepton family number (LF ), Lepton number (L), �S = �Q (SQ)Lepton family number (LF ), Lepton number (L), �S = �Q (SQ)violating modes, or �S = 1 weak neutral urrent (S1) modesviolating modes, or �S = 1 weak neutral urrent (S1) modesviolating modes, or �S = 1 weak neutral urrent (S1) modesviolating modes, or �S = 1 weak neutral urrent (S1) modes
π+π+ e− νe SQ < 1.3 × 10−8 CL=90% 203
π+π+µ− νµ SQ < 3.0 × 10−6 CL=95% 151
π+ e+ e− S1 ( 3.00 ±0.09 )× 10−7 227
π+µ+µ− S1 ( 9.4 ±0.6 )× 10−8 S=2.6 172
π+ ν ν S1 ( 1.7 ±1.1 )× 10−10 227
π+π0 ν ν S1 < 4.3 × 10−5 CL=90% 205
µ−ν e+ e+ LF < 2.1 × 10−8 CL=90% 236
µ+νe LF [d℄ < 4 × 10−3 CL=90% 236
π+µ+ e− LF < 1.3 × 10−11 CL=90% 214
π+µ− e+ LF < 5.2 × 10−10 CL=90% 214
π−µ+ e+ L < 5.0 × 10−10 CL=90% 214
π− e+ e+ L < 6.4 × 10−10 CL=90% 227
π−µ+µ+ L [d℄ < 8.6 × 10−11 CL=90% 172
µ+νe L [d℄ < 3.3 × 10−3 CL=90% 236
π0 e+ νe L < 3 × 10−3 CL=90% 228
π+ γ [dd℄ < 2.3 × 10−9 CL=90% 227K 0K 0K 0K 0 I (JP ) = 12 (0−)50% KS , 50% KLMass m = 497.611 ± 0.013 MeV (S = 1.2)mK0 − mK± = 3.934 ± 0.020 MeV (S = 1.6)
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42424242 Meson Summary TableMean square harge radiusMean square harge radiusMean square harge radiusMean square harge radius
〈r2〉 = −0.077 ± 0.010 fm2T-violation parameters in K0-K0 mixingT-violation parameters in K0-K0 mixingT-violation parameters in K0-K0 mixingT-violation parameters in K0-K0 mixing [y ℄Asymmetry AT in K0-K0 mixing = (6.6 ± 1.6)× 10−3CP-violation parametersCP-violation parametersCP-violation parametersCP-violation parametersRe(ǫ) = (1.596 ± 0.013)× 10−3CPT-violation parametersCPT-violation parametersCPT-violation parametersCPT-violation parameters [y ℄Re δ = (2.5 ± 2.3)× 10−4Im δ = (−1.5 ± 1.6)× 10−5Re(y), Ke3 parameter = (0.4 ± 2.5)× 10−3Re(x−), Ke3 parameter = (−2.9 ± 2.0)× 10−3
∣

∣mK0 − mK0∣∣ / maverage < 6× 10−19, CL = 90% [ee℄(�K0 − �K0)/maverage = (8 ± 8)× 10−18Tests of �S = �QTests of �S = �QTests of �S = �QTests of �S = �QRe(x+), Ke3 parameter = (−0.9 ± 3.0)× 10−3K 0SK 0SK 0SK 0S I (JP ) = 12 (0−)Mean life τ = (0.8954 ± 0.0004)× 10−10 s (S = 1.1) AssumingCPTMean life τ = (0.89564 ± 0.00033)× 10−10 s Not assuming CPTτ = 2.6844 m Assuming CPTCP-violation parametersCP-violation parametersCP-violation parametersCP-violation parameters [� ℄Im(η+−0) = −0.002 ± 0.009Im(η000) = −0.001 ± 0.016
∣

∣η000∣∣ = ∣

∣A(K0S → 3π0)/A(K0L → 3π0)∣∣ < 0.0088, CL = 90%CP asymmetry A in π+π− e+ e− = (−0.4 ± 0.8)%Sale fator/ pK0S DECAY MODESK0S DECAY MODESK0S DECAY MODESK0S DECAY MODES Fration (�i /�) Con�dene level (MeV/)Hadroni modesHadroni modesHadroni modesHadroni modes
π0π0 (30.69±0.05) % 209
π+π− (69.20±0.05) % 206
π+π−π0 ( 3.5 +1.1

−0.9 )× 10−7 133Modes with photons or ℓℓ pairsModes with photons or ℓℓ pairsModes with photons or ℓℓ pairsModes with photons or ℓℓ pairs
π+π−γ [aa,gg ℄ ( 1.79±0.05)× 10−3 206
π+π− e+ e− ( 4.79±0.15)× 10−5 206
π0 γ γ [gg ℄ ( 4.9 ±1.8 )× 10−8 230
γ γ ( 2.63±0.17)× 10−6 S=3.0 249Semileptoni modesSemileptoni modesSemileptoni modesSemileptoni modes
π± e∓νe [hh℄ ( 7.04±0.08)× 10−4 229CP violating (CP) and �S = 1 weak neutral urrent (S1) modesCP violating (CP) and �S = 1 weak neutral urrent (S1) modesCP violating (CP) and �S = 1 weak neutral urrent (S1) modesCP violating (CP) and �S = 1 weak neutral urrent (S1) modes3π0 CP < 2.6 × 10−8 CL=90% 139
µ+µ− S1 < 8 × 10−10 CL=90% 225e+ e− S1 < 9 × 10−9 CL=90% 249
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Meson Summary Table 43434343
π0 e+ e− S1 [gg ℄ ( 3.0 +1.5

−1.2 )× 10−9 230
π0µ+µ− S1 ( 2.9 +1.5

−1.2 )× 10−9 177K 0LK 0LK 0LK 0L I (JP ) = 12 (0−)mKL − mKS= (0.5293 ± 0.0009)× 1010 �h s−1 (S = 1.3) Assuming CPT= (3.484 ± 0.006)× 10−12 MeV Assuming CPT= (0.5289 ± 0.0010)× 1010 �h s−1 Not assuming CPTMean life τ = (5.116 ± 0.021)× 10−8 s (S = 1.1)τ = 15.34 mSlope parametersSlope parametersSlope parametersSlope parameters [x ℄(See Partile Listings for other linear and quadrati oeÆients)K0L → π+π−π0: g = 0.678 ± 0.008 (S = 1.5)K0L → π+π−π0: h = 0.076 ± 0.006K0L → π+π−π0: k = 0.0099 ± 0.0015K0L → π0π0π0: h = (0.6 ± 1.2)× 10−3KL deay form fatorsKL deay form fatorsKL deay form fatorsKL deay form fators [y ℄Linear parametrization assuming µ-e universality
λ+(K0

µ3) = λ+(K0e3) = (2.82 ± 0.04)× 10−2 (S = 1.1)
λ0(K0

µ3) = (1.38 ± 0.18)× 10−2 (S = 2.2)Quadrati parametrization assuming µ-e universality
λ′+(K0

µ3) = λ′+(K0e3) = (2.40 ± 0.12)× 10−2 (S = 1.2)
λ′′+(K0

µ3) = λ′′+(K0e3) = (0.20 ± 0.05)× 10−2 (S = 1.2)
λ0(K0

µ3) = (1.16 ± 0.09)× 10−2 (S = 1.2)Pole parametrization assuming µ-e universality
M

µ
V
(K0

µ3) = M e
V (K0e3) = 878 ± 6 MeV (S = 1.1)

M
µ
S
(K0

µ3) = 1252 ± 90 MeV (S = 2.6)Dispersive parametrization assuming µ-e universality�+ = (0.251 ± 0.006)× 10−1 (S = 1.5)ln(C) = (1.75 ± 0.18)× 10−1 (S = 2.0)K0e3 ∣

∣fS/f+∣

∣ = (1.5+1.4
−1.6)× 10−2K0e3 ∣

∣fT /f+∣

∣ = (5+4
−5)× 10−2K0

µ3 ∣

∣fT /f+∣

∣ = (12 ± 12)× 10−2KL → ℓ+ ℓ−γ, KL → ℓ+ ℓ− ℓ′+ ℓ′−: αK∗ = −0.205 ±0.022 (S = 1.8)K0L → ℓ+ ℓ−γ, K0L → ℓ+ ℓ− ℓ′+ ℓ′−: αDIP = −1.69 ±0.08 (S = 1.7)KL → π+π− e+ e−: a1/a2 = −0.737 ± 0.014 GeV2KL → π0 2γ: aV = −0.43 ± 0.06 (S = 1.5)
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44444444 Meson Summary TableCP-violation parametersCP-violation parametersCP-violation parametersCP-violation parameters [� ℄AL = (0.332 ± 0.006)%
∣

∣η00∣∣ = (2.220 ± 0.011)× 10−3 (S = 1.8)
∣

∣η+−

∣

∣ = (2.232 ± 0.011)× 10−3 (S = 1.8)
∣

∣ǫ
∣

∣ = (2.228 ± 0.011)× 10−3 (S = 1.8)
∣

∣η00/η+−

∣

∣ = 0.9950 ± 0.0007 [ii ℄ (S = 1.6)Re(ǫ′/ǫ) = (1.66 ± 0.23)× 10−3 [ii ℄ (S = 1.6)Assuming CPT
φ+− = (43.51 ± 0.05)◦ (S = 1.2)
φ00 = (43.52 ± 0.05)◦ (S = 1.3)
φǫ=φSW = (43.52 ± 0.05)◦ (S = 1.2)Im(ǫ′/ǫ) = −(φ00 − φ+−)/3 = (−0.002 ± 0.005)◦ (S = 1.7)Not assuming CPT
φ+− = (43.4 ± 0.5)◦ (S = 1.2)
φ00 = (43.7 ± 0.6)◦ (S = 1.2)
φǫ = (43.5 ± 0.5)◦ (S = 1.3)CP asymmetry A in K0L → π+π− e+ e− = (13.7 ± 1.5)%

βCP from K0L → e+ e− e+ e− = −0.19 ± 0.07
γCP from K0L → e+ e− e+ e− = 0.01 ± 0.11 (S = 1.6)j for K0L → π+π−π0 = 0.0012 ± 0.0008f for K0L → π+π−π0 = 0.004 ± 0.006
∣

∣η+−γ

∣

∣ = (2.35 ± 0.07)× 10−3
φ+−γ = (44 ± 4)◦
∣

∣ǫ
′+−γ

∣

∣/ǫ < 0.3, CL = 90%
∣

∣gE1∣∣ for K0L → π+π− γ < 0.21, CL = 90%T-violation parametersT-violation parametersT-violation parametersT-violation parametersIm(ξ) in K0
µ3 = −0.007 ± 0.026CPT invariane testsCPT invariane testsCPT invariane testsCPT invariane tests

φ00 − φ+− = (0.34 ± 0.32)◦Re(23η+− + 13η00)−AL2 = (−3 ± 35)× 10−6�S = −�Q in K0
ℓ3 deay�S = −�Q in K0
ℓ3 deay�S = −�Q in K0
ℓ3 deay�S = −�Q in K0
ℓ3 deayRe x = −0.002 ± 0.006Im x = 0.0012 ± 0.0021 Sale fator/ pK0L DECAY MODESK0L DECAY MODESK0L DECAY MODESK0L DECAY MODES Fration (�i /�) Con�dene level (MeV/)Semileptoni modesSemileptoni modesSemileptoni modesSemileptoni modes

π± e∓νe [hh℄ (40.55 ±0.11 ) % S=1.7 229Called K0e3.
π±µ∓νµ [hh℄ (27.04 ±0.07 ) % S=1.1 216Called K0

µ3.(πµatom)ν ( 1.05 ±0.11 )× 10−7 188
π0π± e∓ν [hh℄ ( 5.20 ±0.11 )× 10−5 207
π± e∓ν e+ e− [hh℄ ( 1.26 ±0.04 )× 10−5 229
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Meson Summary Table 45454545Hadroni modes, inluding Charge onjugation×Parity Violating (CPV) modesHadroni modes, inluding Charge onjugation×Parity Violating (CPV) modesHadroni modes, inluding Charge onjugation×Parity Violating (CPV) modesHadroni modes, inluding Charge onjugation×Parity Violating (CPV) modes3π0 (19.52 ±0.12 ) % S=1.6 139
π+π−π0 (12.54 ±0.05 ) % 133
π+π− CPV [jj℄ ( 1.967±0.010)× 10−3 S=1.5 206
π0π0 CPV ( 8.64 ±0.06 )× 10−4 S=1.8 209Semileptoni modes with photonsSemileptoni modes with photonsSemileptoni modes with photonsSemileptoni modes with photons
π± e∓νe γ [aa,hh,kk℄ ( 3.79 ±0.06 )× 10−3 229
π±µ∓νµ γ ( 5.65 ±0.23 )× 10−4 216Hadroni modes with photons or ℓℓ pairsHadroni modes with photons or ℓℓ pairsHadroni modes with photons or ℓℓ pairsHadroni modes with photons or ℓℓ pairs
π0π0 γ < 2.43 × 10−7 CL=90% 209
π+π−γ [aa,kk℄ ( 4.15 ±0.15 )× 10−5 S=2.8 206
π+π−γ (DE) ( 2.84 ±0.11 )× 10−5 S=2.0 206
π0 2γ [kk℄ ( 1.273±0.033)× 10−6 230
π0 γ e+ e− ( 1.62 ±0.17 )× 10−8 230Other modes with photons or ℓℓ pairsOther modes with photons or ℓℓ pairsOther modes with photons or ℓℓ pairsOther modes with photons or ℓℓ pairs2γ ( 5.47 ±0.04 )× 10−4 S=1.1 2493γ < 7.4 × 10−8 CL=90% 249e+ e−γ ( 9.4 ±0.4 )× 10−6 S=2.0 249
µ+µ− γ ( 3.59 ±0.11 )× 10−7 S=1.3 225e+ e−γ γ [kk℄ ( 5.95 ±0.33 )× 10−7 249
µ+µ− γ γ [kk℄ ( 1.0 +0.8

−0.6 )× 10−8 225Charge onjugation × Parity (CP) or Lepton Family number (LF )Charge onjugation × Parity (CP) or Lepton Family number (LF )Charge onjugation × Parity (CP) or Lepton Family number (LF )Charge onjugation × Parity (CP) or Lepton Family number (LF )violating modes, or �S = 1 weak neutral urrent (S1) modesviolating modes, or �S = 1 weak neutral urrent (S1) modesviolating modes, or �S = 1 weak neutral urrent (S1) modesviolating modes, or �S = 1 weak neutral urrent (S1) modes
µ+µ− S1 ( 6.84 ±0.11 )× 10−9 225e+ e− S1 ( 9 +6

−4 )× 10−12 249
π+π− e+ e− S1 [kk℄ ( 3.11 ±0.19 )× 10−7 206
π0π0 e+ e− S1 < 6.6 × 10−9 CL=90% 209
π0π0µ+µ− S1 < 9.2 × 10−11 CL=90% 57
µ+µ− e+ e− S1 ( 2.69 ±0.27 )× 10−9 225e+ e− e+ e− S1 ( 3.56 ±0.21 )× 10−8 249
π0µ+µ− CP,S1 [ll℄ < 3.8 × 10−10 CL=90% 177
π0 e+ e− CP,S1 [ll℄ < 2.8 × 10−10 CL=90% 230
π0 ν ν CP,S1 [nn℄ < 2.6 × 10−8 CL=90% 230
π0π0 ν ν S1 < 8.1 × 10−7 CL=90% 209e±µ∓ LF [hh℄ < 4.7 × 10−12 CL=90% 238e± e±µ∓µ∓ LF [hh℄ < 4.12 × 10−11 CL=90% 225
π0µ± e∓ LF [hh℄ < 7.6 × 10−11 CL=90% 217
π0π0µ± e∓ LF < 1.7 × 10−10 CL=90% 159K ∗0(700)K ∗0(700)K ∗0(700)K ∗0(700) I (JP ) = 12 (0+)Mass (T-Matrix Pole √

s) = (630{730) − i (260{340) MeVMass (Breit-Wigner) = 824 ± 30 MeVFull width (Breit-Wigner) = 478 ± 50 MeV
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46464646 Meson Summary TableK ∗(892)K ∗(892)K ∗(892)K ∗(892) I (JP ) = 12 (1−)K∗(892)± hadroprodued mass m = 891.76 ± 0.25 MeVK∗(892)± in τ deays mass m = 895.5 ± 0.8 MeVK∗(892)0 mass m = 895.55 ± 0.20 MeV (S = 1.7)K∗(892)± hadroprodued full width � = 50.3 ± 0.8 MeVK∗(892)± in τ deays full width � = 46.2 ± 1.3 MeVK∗(892)0 full width � = 47.3 ± 0.5 MeV (S = 1.9) pK∗(892) DECAY MODESK∗(892) DECAY MODESK∗(892) DECAY MODESK∗(892) DECAY MODES Fration (�i /�) Con�dene level (MeV/)K π ∼ 100 % 290K0γ ( 2.46±0.21)× 10−3 307K±γ ( 1.00±0.09)× 10−3 309K ππ < 7 × 10−4 95% 223K1(1270)K1(1270)K1(1270)K1(1270) I (JP ) = 12 (1+)Mass m = 1272 ± 7 MeV [l℄Full width � = 90 ± 20 MeV [l℄K1(1270) DECAY MODESK1(1270) DECAY MODESK1(1270) DECAY MODESK1(1270) DECAY MODES Fration (�i /�) p (MeV/)K ρ (42 ±6 ) % 46K∗0(1430)π (28 ±4 ) % †K∗(892)π (16 ±5 ) % 302K ω (11.0±2.0) % †K f0(1370) ( 3.0±2.0) % †See Partile Listings for 1 deay modes that have been seen / not seen.K1(1400)K1(1400)K1(1400)K1(1400) I (JP ) = 12 (1+)Mass m = 1403 ± 7 MeVFull width � = 174 ± 13 MeV (S = 1.6)K1(1400) DECAY MODESK1(1400) DECAY MODESK1(1400) DECAY MODESK1(1400) DECAY MODES Fration (�i /�) p (MeV/)K∗(892)π (94 ±6 ) % 402K ρ ( 3.0±3.0) % 293K f0(1370) ( 2.0±2.0) % †K ω ( 1.0±1.0) % 284See Partile Listings for 2 deay modes that have been seen / not seen.K ∗(1410)K ∗(1410)K ∗(1410)K ∗(1410) I (JP ) = 12 (1−)Mass m = 1421 ± 9 MeVFull width � = 236 ± 18 MeV pK∗(1410) DECAY MODESK∗(1410) DECAY MODESK∗(1410) DECAY MODESK∗(1410) DECAY MODES Fration (�i /�) Con�dene level (MeV/)K∗(892)π > 40 % 95% 416K π ( 6.6±1.3) % 617K ρ < 7 % 95% 313
γK0

< 2.2 × 10−4 90% 623
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Meson Summary Table 47474747K ∗0(1430)K ∗0(1430)K ∗0(1430)K ∗0(1430) [oo℄ I (JP ) = 12 (0+)Mass m = 1425 ± 50 MeVFull width � = 270 ± 80 MeVK∗0(1430) DECAY MODESK∗0(1430) DECAY MODESK∗0(1430) DECAY MODESK∗0(1430) DECAY MODES Fration (�i /�) p (MeV/)K π (93 ±10 ) % 619K η ( 8.6+ 2.7
− 3.4) % 486See Partile Listings for 1 deay modes that have been seen / not seen.K ∗2(1430)K ∗2(1430)K ∗2(1430)K ∗2(1430) I (JP ) = 12 (2+)K∗2(1430)± mass m = 1425.6 ± 1.5 MeV (S = 1.1)K∗2(1430)0 mass m = 1432.4 ± 1.3 MeVK∗2(1430)± full width � = 98.5 ± 2.7 MeV (S = 1.1)K∗2(1430)0 full width � = 109 ± 5 MeV (S = 1.9)Sale fator/ pK∗2(1430) DECAY MODESK∗2(1430) DECAY MODESK∗2(1430) DECAY MODESK∗2(1430) DECAY MODES Fration (�i /�) Con�dene level (MeV/)K π (49.9±1.2) % 619K∗(892)π (24.7±1.5) % 419K∗(892)ππ (13.4±2.2) % 372K ρ ( 8.7±0.8) % S=1.2 318K ω ( 2.9±0.8) % 311K+γ ( 2.4±0.5)× 10−3 S=1.1 627K η ( 1.5+3.4

−1.0)× 10−3 S=1.3 486K ωπ < 7.2 × 10−4 CL=95% 100K0γ < 9 × 10−4 CL=90% 626K ∗(1680)K ∗(1680)K ∗(1680)K ∗(1680) I (JP ) = 12 (1−)Mass m = 1718 ± 18 MeVFull width � = 322 ± 110 MeV (S = 4.2)K∗(1680) DECAY MODESK∗(1680) DECAY MODESK∗(1680) DECAY MODESK∗(1680) DECAY MODES Fration (�i /�) p (MeV/)K π (38.7±2.5) % 782K ρ (31.4+5.0
−2.1) % 571K∗(892)π (29.9+2.2
−5.0) % 618See Partile Listings for 1 deay modes that have been seen / not seen.K2(1770)K2(1770)K2(1770)K2(1770) [pp℄ I (JP ) = 12 (2−)Mass m = 1773 ± 8 MeVFull width � = 186 ± 14 MeVK2(1770) DECAY MODESK2(1770) DECAY MODESK2(1770) DECAY MODESK2(1770) DECAY MODES Fration (�i /�) p (MeV/)K ππ 794K∗2(1430)π dominant 288

db2018.pp-ALL.pdf   48 9/14/18   4:35 PM



48484848 Meson Summary TableSee Partile Listings for 4 deay modes that have been seen / not seen.K ∗3(1780)K ∗3(1780)K ∗3(1780)K ∗3(1780) I (JP ) = 12 (3−)Mass m = 1776 ± 7 MeV (S = 1.1)Full width � = 159 ± 21 MeV (S = 1.3) pK∗3(1780) DECAY MODESK∗3(1780) DECAY MODESK∗3(1780) DECAY MODESK∗3(1780) DECAY MODES Fration (�i /�) Con�dene level (MeV/)K ρ (31 ± 9 ) % 613K∗(892)π (20 ± 5 ) % 656K π (18.8± 1.0) % 813K η (30 ±13 ) % 719K∗2(1430)π < 16 % 95% 291K2(1820)K2(1820)K2(1820)K2(1820) [qq℄ I (JP ) = 12 (2−)Mass m = 1819 ± 12 MeVFull width � = 264 ± 34 MeVK ∗4(2045)K ∗4(2045)K ∗4(2045)K ∗4(2045) I (JP ) = 12 (4+)Mass m = 2045 ± 9 MeV (S = 1.1)Full width � = 198 ± 30 MeVK∗4(2045) DECAY MODESK∗4(2045) DECAY MODESK∗4(2045) DECAY MODESK∗4(2045) DECAY MODES Fration (�i /�) p (MeV/)K π (9.9±1.2) % 958K∗(892)ππ (9 ±5 ) % 802K∗(892)πππ (7 ±5 ) % 768
ρK π (5.7±3.2) % 741
ωK π (5.0±3.0) % 738
φK π (2.8±1.4) % 594
φK∗(892) (1.4±0.7) % 363CHARMEDMESONSCHARMEDMESONSCHARMEDMESONSCHARMEDMESONS(C= ±1)(C= ±1)(C= ±1)(C= ±1)D+ = d , D0 = u, D0 =  u, D− =  d, similarly for D∗'sD±D±D±D± I (JP ) = 12 (0−)Mass m = 1869.65 ± 0.05 MeVMean life τ = (1040 ± 7)× 10−15 sτ = 311.8 µm-quark deays-quark deays-quark deays-quark deays�( → ℓ+anything)/�( → anything) = 0.096 ± 0.004 [rr ℄�( → D∗(2010)+anything)/�( → anything) = 0.255 ± 0.017CP-violation deay-rate asymmetriesCP-violation deay-rate asymmetriesCP-violation deay-rate asymmetriesCP-violation deay-rate asymmetriesACP (µ±ν) = (8 ± 8)%ACP (K0L e± ν) = (−0.6 ± 1.6)%
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Meson Summary Table 49494949ACP (K0S π±) = (−0.41 ± 0.09)%ACP (K∓2π±) = (−0.18 ± 0.16)%ACP (K∓π±π±π0) = (−0.3 ± 0.7)%ACP (K0S π±π0) = (−0.1 ± 0.7)%ACP (K0S π±π+π−) = (0.0 ± 1.2)%ACP (π±π0) = (2.4 ± 1.2)%ACP (π± η) = (1.0 ± 1.5)% (S = 1.4)ACP (π± η′(958)) = (−0.6 ± 0.7)%ACP (K0/K0K±) = (0.11 ± 0.17)%ACP (K0S K±) = (−0.11 ± 0.25)%ACP (K+K−π±) = (0.37 ± 0.29)%ACP (K±K∗0) = (−0.3 ± 0.4)%ACP (φπ±) = (0.09 ± 0.19)% (S = 1.2)ACP (K±K∗0(1430)0) = (8+7
−6)%ACP (K±K∗2(1430)0) = (43+20
−26)%ACP (K±K∗0(700)) = (−12+18
−13)%ACP (a0(1450)0π±) = (−19+14
−16)%ACP (φ(1680)π±) = (−9 ± 26)%ACP (π+π−π±) = (−2 ± 4)%ACP (K0S K±π+π−) = (−4 ± 7)%ACP (K±π0) = (−4 ± 11)%

χ2 tests of CP-violation (CPV )χ2 tests of CP-violation (CPV )χ2 tests of CP-violation (CPV )χ2 tests of CP-violation (CPV )Loal CPV in D±
→ π+π−π± = 78.1%Loal CPV in D±
→ K+K−π± = 31%CP violating asymmetries of P-odd (T-odd) momentsCP violating asymmetries of P-odd (T-odd) momentsCP violating asymmetries of P-odd (T-odd) momentsCP violating asymmetries of P-odd (T-odd) momentsAT (K0S K±π+π−) = (−12 ± 11)× 10−3 [ss℄D+ form fatorsD+ form fatorsD+ form fatorsD+ form fatorsf+(0)∣∣Vcs

∣

∣ in K0 ℓ+νℓ = 0.719 ± 0.011 (S = 1.6)r1 ≡ a1/a0 in K0 ℓ+νℓ = −2.13 ± 0.14r2 ≡ a2/a0 in K0 ℓ+νℓ = −3 ± 12 (S = 1.5)f+(0)∣∣Vcd

∣

∣ in π0 ℓ+νℓ = 0.1407 ± 0.0025r1 ≡ a1/a0 in π0 ℓ+νℓ = −2.00 ± 0.13r2 ≡ a2/a0 in π0 ℓ+νℓ = −4 ± 5f+(0)∣∣Vcd

∣

∣ in D+
→ ηe+ νe = 0.086 ± 0.006r1 ≡ a1/a0 in D+
→ ηe+ νe = −1.8 ± 2.2rv ≡ V(0)/A1(0) in D+

→ ω e+νe = 1.24 ± 0.11r2 ≡ A2(0)/A1(0) in D+
→ ω e+νe = 1.06 ± 0.16rv ≡ V(0)/A1(0) in D+,D0

→ ρe+ νe = 1.48 ± 0.16r2 ≡ A2(0)/A1(0) in D+,D0
→ ρe+ νe = 0.83 ± 0.12rv ≡ V(0)/A1(0) in K∗(892)0 ℓ+νℓ = 1.49 ± 0.05 (S = 2.1)r2 ≡ A2(0)/A1(0) in K∗(892)0 ℓ+νℓ = 0.802 ± 0.021r3 ≡ A3(0)/A1(0) in K∗(892)0 ℓ+νℓ = 0.0 ± 0.4�L/�T in K∗(892)0 ℓ+νℓ = 1.13 ± 0.08�+/�− in K∗(892)0 ℓ+νℓ = 0.22 ± 0.06 (S = 1.6)Most deay modes (other than the semileptoni modes) that involve a neutralK meson are now given as K0S modes, not as K0 modes. Nearly always it isa K0S that is measured, and interferene between Cabibbo-allowed and dou-bly Cabibbo-suppressed modes an invalidate the assumption that 2 �(K0S ) =�(K0).
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50505050 Meson Summary Table Sale fator/ pD+ DECAY MODESD+ DECAY MODESD+ DECAY MODESD+ DECAY MODES Fration (�i /�) Con�dene level (MeV/)Inlusive modesInlusive modesInlusive modesInlusive modese+ semileptoni (16.07±0.30) % {
µ+anything (17.6 ±3.2 ) % {K− anything (25.7 ±1.4 ) % {K0anything + K0 anything (61 ±5 ) % {K+anything ( 5.9 ±0.8 ) % {K∗(892)− anything ( 6 ±5 ) % {K∗(892)0 anything (23 ±5 ) % {K∗(892)0 anything < 6.6 % CL=90% {
η anything ( 6.3 ±0.7 ) % {
η′ anything ( 1.04±0.18) % {
φ anything ( 1.03±0.12) % {Leptoni and semileptoni modesLeptoni and semileptoni modesLeptoni and semileptoni modesLeptoni and semileptoni modese+ νe < 8.8 × 10−6 CL=90% 935
γ e+νe < 3.0 × 10−5 CL=90% 935
µ+νµ ( 3.74±0.17)× 10−4 932
τ+ ντ < 1.2 × 10−3 CL=90% 90K0 e+ νe ( 8.73±0.10) % 869K0µ+ νµ ( 8.74±0.19) % 865K−π+ e+νe ( 3.89±0.13) % S=2.1 864K∗(892)0 e+νe , K∗(892)0 →K−π+ ( 3.66±0.12) % 722(K−π+) [0.8{1.0℄GeV e+ νe ( 3.39±0.09) % 864(K−π+)S−wave e+νe ( 2.28±0.11)× 10−3 {K∗(1410)0 e+νe ,K∗(1410)0 → K−π+ < 6 × 10−3 CL=90% {K∗2(1430)0 e+νe ,K∗2(1430)0 → K−π+ < 5 × 10−4 CL=90% {K−π+ e+νe nonresonant < 7 × 10−3 CL=90% 864K−π+µ+νµ ( 3.65±0.34) % 851K∗(892)0µ+νµ ,K∗(892)0 → K−π+ ( 3.52±0.10) % 717K−π+µ+νµ nonresonant ( 1.9 ±0.5 )× 10−3 851K−π+π0µ+νµ < 1.5 × 10−3 CL=90% 825
π0 e+ νe ( 3.72±0.17)× 10−3 S=2.0 930
ηe+ νe ( 1.14±0.10)× 10−3 855
ρ0 e+νe ( 2.18+0.17

−0.25)× 10−3 774
ρ0µ+νµ ( 2.4 ±0.4 )× 10−3 770
ω e+ νe ( 1.69±0.11)× 10−3 771
η′(958)e+νe ( 2.2 ±0.5 )× 10−4 690
φe+ νe < 1.3 × 10−5 CL=90% 657D0 e+ νe < 1.0 × 10−4 CL=90% 5Frations of some of the following modes with resonanes have alreadyappeared above as submodes of partiular harged-partile modes.K∗(892)0 e+νe ( 5.40±0.10) % S=1.1 722K∗(892)0µ+νµ ( 5.25±0.15) % 717K∗0(1430)0µ+νµ < 2.3 × 10−4 CL=90% 380K∗(1680)0µ+νµ < 1.5 × 10−3 CL=90% 105
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Meson Summary Table 51515151Hadroni modes with a K or K K KHadroni modes with a K or K K KHadroni modes with a K or K K KHadroni modes with a K or K K KK0S π+ ( 1.47±0.08) % S=3.0 863K0Lπ+ ( 1.46±0.05) % 863K−2π+ [tt℄ ( 8.98±0.28) % S=2.2 846(K−π+)S−waveπ+ ( 7.20±0.25) % 846K∗0(1430)0π+ ,K∗0(1430)0 → K−π+ [uu℄ ( 1.19±0.07) % 382K∗(892)0π+ ,K∗(892)0 → K−π+ (10.0 ±1.1 )× 10−3 714K∗2(1430)0π+ ,K∗2(1430)0 → K−π+ [uu℄ ( 2.2 ±0.7 )× 10−4 371K∗(1680)0π+ ,K∗(1680)0 → K−π+ [uu℄ ( 2.1 ±1.0 )× 10−4 58K− (2π+)I=2 ( 1.39±0.26) % {K0S π+π0 [tt℄ ( 7.05±0.27) % 845K0S ρ+ ( 5.9 +0.6
−0.4 ) % 677K0S ρ(1450)+, ρ+ → π+π0 ( 1.5 +1.1
−1.4 )× 10−3 {K∗(892)0π+ ,K∗(892)0 → K0S π0 ( 2.52±0.31)× 10−3 714K∗0(1430)0π+, K∗00 → K0S π0 ( 2.6 ±0.9 )× 10−3 {K∗0(1680)0π+, K∗00 → K0S π0 ( 9 +7
−9 )× 10−4 {

κ0π+, κ0 → K0S π0 ( 5.4 +5.0
−3.5 )× 10−3 {K0S π+π0 nonresonant ( 3 ±4 )× 10−3 845K0S π+π0 nonresonant and

κ0π+ ( 1.31+0.21
−0.35) % {(K0S π0)S−waveπ+ ( 1.22+0.26
−0.32) % 845K−2π+π0 [vv ℄ ( 5.98±0.23) % 816K0S 2π+π− [vv ℄ ( 2.97±0.11) % 814K−3π+π− [tt℄ ( 5.5 ±0.5 )× 10−3 S=1.1 772K∗(892)0 2π+π− ,K∗(892)0 → K−π+ ( 1.2 ±0.4 )× 10−3 645K∗(892)0 ρ0π+ ,K∗(892)0 → K−π+ ( 2.2 ±0.4 )× 10−3 239K∗(892)0 a1(1260)+ [xx ℄ ( 8.9 ±1.8 )× 10−3 †K−ρ0 2π+ ( 1.65±0.27)× 10−3 524K−3π+π− nonresonant ( 3.9 ±2.8 )× 10−4 772K+2K0S ( 2.54±0.13)× 10−3 545K+K−K0S π+ ( 2.3 ±0.5 )× 10−4 436Pioni modesPioni modesPioni modesPioni modes

π+π0 ( 1.17±0.06)× 10−3 9252π+π− ( 3.13±0.19)× 10−3 909
ρ0π+ ( 8.0 ±1.4 )× 10−4 767
π+ (π+π−)S−wave ( 1.75±0.16)× 10−3 909

σπ+ , σ → π+π− ( 1.32±0.12)× 10−3 {f0(980)π+ ,f0(980) → π+π−

( 1.50±0.32)× 10−4 669f0(1370)π+ ,f0(1370) → π+π−

( 8 ±4 )× 10−5 {f2(1270)π+ ,f2(1270) → π+π−

( 4.8 ±0.8 )× 10−4 485
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52525252 Meson Summary Table
ρ(1450)0π+ ,

ρ(1450)0 → π+π−

< 8 × 10−5 CL=95% 338f0(1500)π+ ,f0(1500) → π+π−

( 1.1 ±0.4 )× 10−4 {f0(1710)π+ ,f0(1710) → π+π−

< 5 × 10−5 CL=95% {f0(1790)π+ ,f0(1790) → π+π−

< 6 × 10−5 CL=95% {(π+π+)S−waveπ−
< 1.2 × 10−4 CL=95% 9092π+π− nonresonant < 1.1 × 10−4 CL=95% 909

π+ 2π0 ( 4.5 ±0.4 )× 10−3 9102π+π−π0 ( 1.11±0.08) % 8833π+2π− ( 1.59±0.16)× 10−3 S=1.1 845
ηπ+ ( 3.33±0.21)× 10−3 S=1.4 848
ηπ+π0 ( 1.38±0.35)× 10−3 831
ωπ+ ( 2.8 ±0.6 )× 10−4 764
η′(958)π+ ( 4.60±0.31)× 10−3 681
η′(958)π+π0 ( 1.6 ±0.5 )× 10−3 654Hadroni modes with a K K pairHadroni modes with a K K pairHadroni modes with a K K pairHadroni modes with a K K pairK+K0S ( 2.83±0.16)× 10−3 S=2.8 793K+K−π+ [tt℄ ( 9.51±0.34)× 10−3 S=1.6 744

φπ+ , φ → K+K− ( 2.64±0.11)× 10−3 647K+K∗(892)0 ,K∗(892)0 → K−π+ ( 2.44+0.11
−0.15)× 10−3 613K+K∗0(1430)0 , K∗0(1430)0 →K−π+ ( 1.79±0.34)× 10−3 {K+K∗2(1430)0, K∗2 → K−π+ ( 1.6 +1.2
−0.8 )× 10−4 {K+K∗0(700), K∗0 → K−π+ ( 6.7 +3.4
−2.1 )× 10−4 {a0(1450)0π+, a00 → K+K− ( 4.4 +7.0
−1.8 )× 10−4 {

φ(1680)π+, φ → K+K− ( 4.9 +4.0
−1.9 )× 10−5 {K0S K0S π+ ( 2.70±0.13)× 10−3 741K+K0S π+π− ( 1.67±0.18)× 10−3 678K0S K−2π+ ( 2.28±0.18)× 10−3 678K+K−2π+π− ( 2.2 ±1.2 )× 10−4 601A few poorly measured branhing frations:

φπ+π0 ( 2.3 ±1.0 ) % 619
φρ+ < 1.4 % CL=90% 260K+K−π+π0 non-φ ( 1.5 +0.7

−0.6 ) % 682K∗(892)+K0S ( 1.6 ±0.7 ) % 611Doubly Cabibbo-suppressed modesDoubly Cabibbo-suppressed modesDoubly Cabibbo-suppressed modesDoubly Cabibbo-suppressed modesK+π0 ( 1.81±0.27)× 10−4 S=1.4 864K+η ( 1.02±0.16)× 10−4 776K+η′(958) ( 1.73±0.22)× 10−4 571K+π+π− ( 5.19±0.26)× 10−4 846K+ρ0 ( 2.0 ±0.5 )× 10−4 679K∗(892)0π+ , K∗(892)0 →K+π−

( 2.4 ±0.4 )× 10−4 714K+ f0(980), f0(980) → π+π− ( 4.6 ±2.8 )× 10−5 {
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Meson Summary Table 53535353K∗2(1430)0π+ , K∗2(1430)0 →K+π−

( 4.2 ±2.8 )× 10−5 {2K+K− ( 8.5 ±2.0 )× 10−5 550�C = 1 weak neutral urrent (C1) modes, or�C = 1 weak neutral urrent (C1) modes, or�C = 1 weak neutral urrent (C1) modes, or�C = 1 weak neutral urrent (C1) modes, orLepton Family number (LF ) or Lepton number (L) violating modesLepton Family number (LF ) or Lepton number (L) violating modesLepton Family number (LF ) or Lepton number (L) violating modesLepton Family number (LF ) or Lepton number (L) violating modes
π+ e+ e− C1 < 1.1 × 10−6 CL=90% 930
π+φ , φ → e+ e− [yy ℄ ( 1.7 +1.4

−0.9 )× 10−6 {
π+µ+µ− C1 < 7.3 × 10−8 CL=90% 918
π+φ, φ → µ+µ− [yy ℄ ( 1.8 ±0.8 )× 10−6 {
ρ+µ+µ− C1 < 5.6 × 10−4 CL=90% 757K+ e+ e− [zz ℄ < 1.0 × 10−6 CL=90% 870K+µ+µ− [zz ℄ < 4.3 × 10−6 CL=90% 856
π+ e+µ− LF < 2.9 × 10−6 CL=90% 927
π+ e−µ+ LF < 3.6 × 10−6 CL=90% 927K+ e+µ− LF < 1.2 × 10−6 CL=90% 866K+ e−µ+ LF < 2.8 × 10−6 CL=90% 866
π− 2e+ L < 1.1 × 10−6 CL=90% 930
π− 2µ+ L < 2.2 × 10−8 CL=90% 918
π− e+µ+ L < 2.0 × 10−6 CL=90% 927
ρ−2µ+ L < 5.6 × 10−4 CL=90% 757K−2e+ L < 9 × 10−7 CL=90% 870K−2µ+ L < 1.0 × 10−5 CL=90% 856K− e+µ+ L < 1.9 × 10−6 CL=90% 866K∗(892)− 2µ+ L < 8.5 × 10−4 CL=90% 703See Partile Listings for 2 deay modes that have been seen / not seen.D0D0D0D0 I (JP ) = 12 (0−)Mass m = 1864.83 ± 0.05 MeVmD±

− mD0 = 4.822 ± 0.015 MeVMean life τ = (410.1 ± 1.5)× 10−15 sτ = 122.9 µmMixing and related parametersMixing and related parametersMixing and related parametersMixing and related parameters
∣

∣mD01 − mD02∣∣ = (0.95+0.41
−0.44)× 1010 �h s−1(�D01 { �D02)/� = 2y = (1.29+0.14

−0.18)× 10−2
∣

∣q/p∣∣ = 0.92+0.12
−0.09A� = (−0.125 ± 0.526)× 10−3K+π− relative strong phase: os δ = 0.97 ± 0.11K−π+π0 oherene fator RK ππ0 = 0.82 ± 0.06K−π+π0 average relative strong phase δK ππ0 = (199 ± 14)◦K−π−2π+ oherene fator RK 3π = 0.53+0.18

−0.21K−π−2π+ average relative strong phase δK 3π = (125+22
−14)◦D0

→ K−π− 2π+, RK 3π (y osδK 3π
− x sinδK 3π) = (−3.0 ±0.7)× 10−3 TeV−1K0S K+π− oherene fator RK0S K π

= 0.70 ± 0.08K0S K+π− average relative strong phase δK0S K π = (0 ± 16)◦K∗K oherene fator RK∗K = 0.94 ± 0.12K∗K average relative strong phase δK∗K = (−17 ± 18)◦
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54545454 Meson Summary TableCP-violation deay-rate asymmetries (labeled by the D0 deay)CP-violation deay-rate asymmetries (labeled by the D0 deay)CP-violation deay-rate asymmetries (labeled by the D0 deay)CP-violation deay-rate asymmetries (labeled by the D0 deay)ACP (K+K−) = (−0.07 ± 0.11)%ACP (2K0S) = (−0.4 ± 1.5)%ACP (π+π−) = (0.13 ± 0.14)%ACP (π0π0) = (0.0 ± 0.6)%ACP (ργ) = (6 ± 15)× 10−2ACP (φγ) = (−9 ± 7)× 10−2ACP (K∗(892)0 γ) = (−0.3 ± 2.0)× 10−2ACP (π+π−π0) = (0.3 ± 0.4)%ACP (ρ(770)+π−
→ π+π−π0) = (1.2 ± 0.9)% [aaa℄ACP (ρ(770)0π0 → π+π−π0) = (−3.1 ± 3.0)% [aaa℄ACP (ρ(770)−π+ → π+π−π0) = (−1.0 ± 1.7)% [aaa℄ACP (ρ(1450)+π−
→ π+π−π0) = (0 ± 70)% [aaa℄ACP (ρ(1450)0π0 → π+π−π0) = (−20 ± 40)% [aaa℄ACP (ρ(1450)−π+ → π+π−π0) = (6 ± 9)% [aaa℄ACP (ρ(1700)+π−
→ π+π−π0) = (−5 ± 14)% [aaa℄ACP (ρ(1700)0π0 → π+π−π0) = (13 ± 9)% [aaa℄ACP (ρ(1700)−π+ → π+π−π0) = (8 ± 11)% [aaa℄ACP (f0(980)π0 → π+π−π0) = (0 ± 35)% [aaa℄ACP (f0(1370)π0 → π+π−π0) = (25 ± 18)% [aaa℄ACP (f0(1500)π0 → π+π−π0) = (0 ± 18)% [aaa℄ACP (f0(1710)π0 → π+π−π0) = (0 ± 24)% [aaa℄ACP (f2(1270)π0 → π+π−π0) = (−4 ± 6)% [aaa℄ACP (σ(400)π0 → π+π−π0) = (6 ± 8)% [aaa℄ACP (nonresonant π+π−π0) = (−13 ± 23)% [aaa℄ACP (a1(1260)+π−
→ 2π+2π−) = (5 ± 6)%ACP (a1(1260)−π+ → 2π+2π−) = (14 ± 18)%ACP (π(1300)+π−
→ 2π+2π−) = (−2 ± 15)%ACP (π(1300)−π+ → 2π+2π−) = (−6 ± 30)%ACP (a1(1640)+π−
→ 2π+2π−) = (9 ± 26)%ACP (π2(1670)+π−
→ 2π+2π−) = (7 ± 18)%ACP (σ f0(1370) → 2π+2π−) = (−15 ± 19)%ACP (σρ(770)0 → 2π+2π−) = (3 ± 27)%ACP (2ρ(770)0 → 2π+2π−) = (−6 ± 6)%ACP (2f2(1270) → 2π+2π−) = (−28 ± 24)%ACP (K+K−π0) = (−1.0 ± 1.7)%ACP (K∗(892)+K−
→ K+K−π0) = (−0.9 ± 1.3)% [aaa℄ACP (K∗(1410)+K−
→ K+K−π0) = (−21 ± 24)% [aaa℄ACP ((K+π0)S−waveK−

→ K+K−π0) = (7 ± 15)% [aaa℄ACP (φ(1020)π0 → K+K−π0) = (1.1 ± 2.2)% [aaa℄ACP (f0(980)π0 → K+K−π0) = (−3 ± 19)% [aaa℄ACP (a0(980)0π0 → K+K−π0) = (−5 ± 16)% [aaa℄ACP (f ′2(1525)π0 → K+K−π0) = (0 ± 160)% [aaa℄ACP (K∗(892)−K+
→ K+K−π0) = (−5 ± 4)% [aaa℄ACP (K∗(1410)−K+
→ K+K−π0) = (−17 ± 29)% [aaa℄ACP ((K−π0 )S−waveK+

→ K+K−π0) = (−10 ± 40)% [aaa℄ACP (K0S π0) = (−0.20 ± 0.17)%ACP (K0S η) = (0.5 ± 0.5)%ACP (K0S η′) = (1.0 ± 0.7)%ACP (K0S φ) = (−3 ± 9)%ACP (K−π+) = (0.3 ± 0.7)%
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Meson Summary Table 55555555ACP (K+π−) = (−0.9 ± 1.4)%ACP (DCP (±1) → K∓π±) = (12.7 ± 1.5)%ACP (K−π+π0) = (0.1 ± 0.5)%ACP (K+π−π0) = (0 ± 5)%ACP (K0S π+π−) = (−0.1 ± 0.8)%ACP (K∗(892)−π+ → K0S π+π−) = (0.4 ± 0.5)%ACP (K∗(892)+π−
→ K0S π+π−) = (1 ± 6)%ACP (K0ρ0 → K0S π+π−) = (−0.1 ± 0.5)%ACP (K0ω → K0S π+π−) = (−13 ± 7)%ACP (K0 f0(980) → K0S π+π−) = (−0.4 ± 2.7)%ACP (K0 f2(1270) → K0S π+π−) = (−4 ± 5)%ACP (K0 f0(1370) → K0S π+π−) = (−1 ± 9)%ACP (K0ρ0(1450) → K0S π+π−) = (−4 ± 10)%ACP (K0 f0(600) → K0S π+π−) = (−3 ± 5)%ACP (K∗(1410)−π+ → K0S π+π−) = (−2 ± 9)%ACP (K∗0(1430)−π+ → K0S π+π−) = (4 ± 4)%ACP (K∗0(1430)+π−
→ K0S π+π−) = (12 ± 15)%ACP (K∗2(1430)−π+ → K0S π+π−) = (3 ± 6)%ACP (K∗2(1430)+π−
→ K0S π+π−) = (−10 ± 32)%ACP (K−π+π+π−) = (0.2 ± 0.5)%ACP (K+π−π+π−) = (−2 ± 4)%ACP (K+K−π+π−) = (1.3 ± 1.7)%ACP (K∗1(1270)+K−
→ K+K−π+π−) = (25 ± 16)%ACP (K∗1(1270)+K−
→ K∗0π+K−) = (−1 ± 10)%ACP (K∗1(1270)−K+
→ K∗0π−K+) = (−10 ± 32)%ACP (K∗1(1270)−K+
→ K+K−π+π−) = (−50 ± 20)%ACP (K∗1(1270)+K−
→ ρ0K+K−) = (−7 ± 17)%ACP (K∗1(1270)−K+
→ ρ0K−K+) = (10 ± 13)%ACP (K∗1(1400)+K−
→ K+K−π+π−) = (9 ± 25)%ACP (K∗(1410)+K−
→ K∗0π+K−) = (−20 ± 17)%ACP (K∗(1410)−K+
→ K∗0π−K+) = (−1 ± 14)%ACP (K∗(1680)+K−
→ K+K−π+π−) = (−17 ± 29)%ACP (K∗0K∗0) in D0, D0

→ K∗0K∗0 = (−5 ± 14)%ACP (K∗0K∗0 S-wave) = (10 ± 14)%ACP (φρ0) in D0, D0
→ φρ0 = (1 ± 9)%ACP (φρ0 S-wave) = (−3 ± 5)%ACP (φρ0 D-wave) = (−37 ± 19)%ACP (φ(π+π− )S−wave) = (0 ± 50)%ACP (K∗(892)0 (K−π+ )S−wave) = (−10 ± 40)%ACP (K+K−π+π− non-resonant) = (8 ± 20)%ACP ((K−π+)P−wave (K+π−)S−wave) = (3 ± 11)%CP-even frations (labeled by the D0 deay)CP-even frations (labeled by the D0 deay)CP-even frations (labeled by the D0 deay)CP-even frations (labeled by the D0 deay)CP-even fration in D0
→ π+π−π0 deays = (97.3 ± 1.7)%CP-even fration in D0
→ K+K−π0 deays = (73 ± 6)%CP-even fration in D0
→ π+π−π+π− deays = (73.7 ± 2.8)%CP-even fration in D0
→ K+K−π+π− deays = (75 ± 4)%CP-violation asymmetry di�ereneCP-violation asymmetry di�ereneCP-violation asymmetry di�ereneCP-violation asymmetry di�erene�ACP = ACP (K+K−) − ACP (π+π−) = (−0.12 ±0.13)% (S = 1.8)
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56565656 Meson Summary Table
χ2 tests of CP-violation (CPV )χ2 tests of CP-violation (CPV )χ2 tests of CP-violation (CPV )χ2 tests of CP-violation (CPV )Loal CPV in D0, D0

→ π+π−π0 = 4.9%Loal CPV in D0, D0
→ π+π−π+π− = (0.6 ± 0.2)%Loal CPV in D0, D0
→ K0S π+π− = 96%Loal CPV in D0, D0
→ K+K−π0 = 16.6%Loal CPV in D0, D0
→ K+K−π+π− = 9.1%T-violation deay-rate asymmetryT-violation deay-rate asymmetryT-violation deay-rate asymmetryT-violation deay-rate asymmetryAT (K+K−π+π−) = (1.7 ± 2.7)× 10−3 [ss℄ATviol(KS π+π−π0) in D0, D0

→ KS π+π−π0 = (−0.3+1.4
−1.6) ×10−3CPT-violation deay-rate asymmetryCPT-violation deay-rate asymmetryCPT-violation deay-rate asymmetryCPT-violation deay-rate asymmetryACPT (K∓π±) = 0.008 ± 0.008Form fatorsForm fatorsForm fatorsForm fatorsrV ≡ V(0)/A1(0) in D0

→ K∗(892)− ℓ+νℓ = 1.7 ± 0.8r2 ≡ A2(0)/A1(0) in D0
→ K∗(892)− ℓ+νℓ = 0.9 ± 0.4f+(0) in D0

→ K− ℓ+νℓ = 0.736 ± 0.004f+(0)∣∣Vcs

∣

∣ in D0
→ K− ℓ+νℓ = 0.719 ± 0.004r1 ≡ a1/a0 in D0
→ K− ℓ+νℓ = −2.40 ± 0.16r2 ≡ a2/a0 in D0
→ K− ℓ+νℓ = 5 ± 4f+(0) in D0

→ π− ℓ+νℓ = 0.637 ± 0.009f+(0)∣∣Vcd

∣

∣ in D0
→ π− ℓ+νℓ = 0.1436 ± 0.0026 (S = 1.5)r1 ≡ a1/a0 in D0
→ π− ℓ+νℓ = −1.97 ± 0.28 (S = 1.4)r2 ≡ a1/a0 in D0
→ π− ℓ+νℓ = −0.2 ± 2.2 (S = 1.7)Most deay modes (other than the semileptoni modes) that involve a neutralK meson are now given as K0S modes, not as K0 modes. Nearly always it isa K0S that is measured, and interferene between Cabibbo-allowed and dou-bly Cabibbo-suppressed modes an invalidate the assumption that 2 �(K0S ) =�(K0). Sale fator/ pD0 DECAY MODESD0 DECAY MODESD0 DECAY MODESD0 DECAY MODES Fration (�i /�) Con�dene level(MeV/)Topologial modesTopologial modesTopologial modesTopologial modes0-prongs [bbb℄ (15 ± 6 ) % {2-prongs (70 ± 6 ) % {4-prongs [℄ (14.5 ± 0.5 ) % {6-prongs [ddd℄ ( 6.4 ± 1.3 )× 10−4 {Inlusive modesInlusive modesInlusive modesInlusive modese+ anything [eee℄ ( 6.49 ± 0.11 ) % {

µ+anything ( 6.7 ± 0.6 ) % {K− anything (54.7 ± 2.8 ) % S=1.3 {K0anything + K0 anything (47 ± 4 ) % {K+anything ( 3.4 ± 0.4 ) % {K∗(892)− anything (15 ± 9 ) % {K∗(892)0 anything ( 9 ± 4 ) % {K∗(892)+ anything < 3.6 % CL=90% {K∗(892)0 anything ( 2.8 ± 1.3 ) % {
η anything ( 9.5 ± 0.9 ) % {
η′ anything ( 2.48 ± 0.27 ) % {
φ anything ( 1.05 ± 0.11 ) % {invisibles < 9.4 × 10−5 CL=90% {
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Meson Summary Table 57575757Semileptoni modesSemileptoni modesSemileptoni modesSemileptoni modesK− e+ νe ( 3.530± 0.028) % S=1.1 867K−µ+νµ ( 3.31 ± 0.13 ) % 864K∗(892)− e+νe ( 2.15 ± 0.16 ) % 719K∗(892)−µ+νµ ( 1.86 ± 0.24 ) % 714K−π0 e+ νe ( 1.6 + 1.3
− 0.5 ) % 861K0π− e+ νe ( 2.7 + 0.9
− 0.7 ) % 860K−π+π− e+ νe ( 2.8 + 1.4
− 1.1 )× 10−4 843K1(1270)− e+ νe ( 7.6 + 4.0
− 3.1 )× 10−4 498K−π+π−µ+ νµ < 1.2 × 10−3 CL=90% 821(K∗(892)π )−µ+ νµ < 1.4 × 10−3 CL=90% 692

π− e+νe ( 2.91 ± 0.04 )× 10−3 S=1.1 927
π−µ+νµ ( 2.37 ± 0.24 )× 10−3 924
ρ− e+ νe ( 1.77 ± 0.16 )× 10−3 771Hadroni modes with one KHadroni modes with one KHadroni modes with one KHadroni modes with one KK−π+ ( 3.89 ± 0.04 ) % S=1.1 861K0S π0 ( 1.19 ± 0.04 ) % 860K0Lπ0 (10.0 ± 0.7 )× 10−3 860K0S π+π− [tt℄ ( 2.75 ± 0.18 ) % S=1.1 842K0S ρ0 ( 6.2 + 0.6

− 0.8 )× 10−3 674K0S ω, ω → π+π− ( 2.0 ± 0.6 )× 10−4 670K0S (π+π−)S−wave ( 3.3 ± 0.7 )× 10−3 842K0S f0(980), f0 → π+π− ( 1.18 + 0.40
− 0.23 )× 10−3 549K0S f0(1370), f0 → π+π− ( 2.7 + 0.8
− 1.3 )× 10−3 †K0S f2(1270), f2 → π+π− ( 9 +10
− 6 )× 10−5 262K∗(892)−π+, K∗−

→K0S π−

( 1.62 + 0.14
− 0.17 ) % 711K∗0(1430)−π+, K∗−0 →K0S π−

( 2.63 + 0.40
− 0.32 )× 10−3 378K∗2(1430)−π+, K∗−2 →K0S π−

( 3.3 + 1.8
− 1.0 )× 10−4 367K∗(1680)−π+, K∗−

→K0S π−

( 4.3 ± 3.5 )× 10−4 46K∗(892)+π−, K∗+
→K0S π+ [�f ℄ ( 1.11 + 0.60

− 0.33 )× 10−4 711K∗0(1430)+π−, K∗+0 →K0S π+ [�f ℄ < 1.4 × 10−5 CL=95% {K∗2(1430)+π−, K∗+2 →K0S π+ [�f ℄ < 3.3 × 10−5 CL=95% {K0S π+π− nonresonant ( 2.5 + 6.0
− 1.6 )× 10−4 842K−π+π0 [tt℄ (14.2 ± 0.5 ) % S=1.9 844K−ρ+ (11.1 ± 0.7 ) % 675K−ρ(1700)+, ρ+ → π+π0 ( 8.1 ± 1.7 )× 10−3 †K∗(892)−π+, K∗(892)− →K−π0 ( 2.27 + 0.40
− 0.20 ) % 711
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58585858 Meson Summary TableK∗(892)0π0, K∗(892)0 →K−π+ ( 1.93 ± 0.24 ) % 711K∗0(1430)−π+, K∗−0 →K−π0 ( 4.7 ± 2.2 )× 10−3 378K∗0(1430)0π0, K∗00 → K−π+ ( 5.8 + 5.0
− 1.6 )× 10−3 379K∗(1680)−π+, K∗−

→K−π0 ( 1.8 ± 0.7 )× 10−3 46K−π+π0 nonresonant ( 1.14 + 0.50
− 0.20 ) % 844K0S 2π0 ( 9.1 ± 1.1 )× 10−3 S=2.2 843K0S (2π0)S−wave ( 2.6 ± 0.7 )× 10−3 {K∗(892)0π0, K∗0

→ K0S π0 ( 7.8 ± 0.7 )× 10−3 711K∗(1430)0π0, K∗0
→ K0S π0 ( 4 ±23 )× 10−5 {K∗(1680)0π0, K∗0
→ K0S π0 ( 1.0 ± 0.4 )× 10−3 {K0S f2(1270), f2 → 2π0 ( 2.3 ± 1.1 )× 10−4 {2K0S , oneK0S → 2π0 ( 3.2 ± 1.1 )× 10−4 {K−2π+π− [tt℄ ( 8.11 ± 0.15 ) % S=1.1 813K−π+ ρ0 total ( 6.77 ± 0.31 ) % 609K−π+ ρ03-body ( 6.0 ± 1.6 )× 10−3 609K∗(892)0 ρ0, K∗0
→K−π+ (10.0 ± 0.5 )× 10−3 416(K∗(892)0ρ0)S−wave,K∗(892)0 → K−π+ ( 5.8 ± 0.8 )× 10−3 {(K∗(892)0ρ0)P−wave,K∗(892)0 → K−π+ ( 1.86 ± 0.18 )× 10−3 {(K∗(892)0ρ0)D−wave,K∗(892)0 → K−π+ ( 6.6 ± 0.7 )× 10−3 {K∗(892)0 ρ0 transverse,K∗0

→ K−π+ ( 1.2 ± 0.4 ) % 417K− a1(1260)+, a+1 →

ρ0π+ ( 4.26 ± 0.32 ) % 327K− a1(1260)+,a1(1260)+ →(ρ0π+)S−wave

( 4.3 ± 0.4 ) % {K− a1(1260)+,a1(1260)+ →(ρ0π+)D−wave

( 2.4 ± 1.1 )× 10−4 {K1(1270)−π+, K−1 →K−π+π− total ( 5.4 ± 1.6 )× 10−3 {K∗(892)0π+π−3-body,K∗0
→ K−π+ ( 5.9 ± 0.5 )× 10−3 685K1(1270)−π+, K−1 →K∗(892)0π−, K∗0

→K−π+ ( 6.5 ± 2.3 )× 10−4 484K1(1270)−π+,K1(1270)− →(K∗0π−)S−wave,K∗(892)0 → K−π+ ( 8 ±11 )× 10−5 {K1(1270)−π+,K1(1270)− →(K∗0π−)D−wave,K∗(892)0 → K−π+ ( 5.7 ± 2.3 )× 10−4 {K1(1270)−π+, K1(1270)− →(K−ρ0)S−wave

( 2.8 ± 0.5 )× 10−3 {K−2π+π− nonresonant ( 1.78 ± 0.07 ) % 813
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Meson Summary Table 59595959K0S π+π−π0 [ggg ℄ ( 5.1 ± 0.6 ) % 813K0S η, η → π+π−π0 ( 1.10 ± 0.07 )× 10−3 772K0S ω, ω → π+π−π0 ( 9.9 ± 0.6 )× 10−3 670K−2π+π−π0 ( 4.2 ± 0.4 ) % 771K∗(892)0π+π−π0, K∗0
→K−π+ ( 1.3 ± 0.6 ) % 643K−π+ω, ω → π+π−π0 ( 2.7 ± 0.5 ) % 605K∗(892)0ω, K∗0

→K−π+, ω → π+π−π0 ( 6.5 ± 3.0 )× 10−3 410K0S ηπ0 ( 5.5 ± 1.1 )× 10−3 721K0S a0(980), a0 → ηπ0 ( 6.5 ± 2.0 )× 10−3 {K∗(892)0 η, K∗0
→ K0S π0 ( 1.6 ± 0.5 )× 10−3 {K0S 2π+2π− ( 2.61 ± 0.29 )× 10−3 768K0S ρ0π+π− , noK∗(892)− ( 1.0 ± 0.7 )× 10−3 {K∗(892)− 2π+π−,K∗(892)− → K0S π− , no

ρ0 ( 4 ± 7 )× 10−4 642K∗(892)− ρ0π+, K∗(892)− →K0S π−

( 1.6 ± 0.6 )× 10−3 230K0S 2π+2π− nonresonant < 1.2 × 10−3 CL=90% 768K−3π+2π− ( 2.2 ± 0.6 )× 10−4 713Frations of some of the following modes with resonanes have alreadyappeared above as submodes of partiular harged-partile modes. Thesenine modes below are all orreted for unseen deays of the resonanes.K0S η ( 4.80 ± 0.30 )× 10−3 772K0S ω ( 1.11 ± 0.06 ) % 670K0S η′(958) ( 9.4 ± 0.5 )× 10−3 565K∗(892)0π+π−π0 ( 1.9 ± 0.9 ) % 643K−π+ω ( 3.0 ± 0.6 ) % 605K∗(892)0ω ( 1.1 ± 0.5 ) % 410K−π+ η′(958) ( 7.5 ± 1.9 )× 10−3 479K∗(892)0 η′(958) < 1.1 × 10−3 CL=90% 119Hadroni modes with three K 'sHadroni modes with three K 'sHadroni modes with three K 'sHadroni modes with three K 'sK0S K+K− ( 4.35 ± 0.32 )× 10−3 544K0S a0(980)0, a00 → K+K− ( 2.9 ± 0.4 )× 10−3 {K− a0(980)+, a+0 → K+K0S ( 5.8 ± 1.7 )× 10−4 {K+a0(980)−, a−0 → K−K0S < 1.1 × 10−4 CL=95% {K0S f0(980), f0 → K+K−
< 9 × 10−5 CL=95% {K0S φ, φ → K+K− ( 2.00 ± 0.15 )× 10−3 520K0S f0(1370), f0 → K+K− ( 1.7 ± 1.1 )× 10−4 {3K0S ( 7.5 ± 0.6 )× 10−4 S=1.3 539K+2K−π+ ( 2.22 ± 0.31 )× 10−4 434K+K−K∗(892)0, K∗0

→K−π+ ( 4.4 ± 1.7 )× 10−5 †K−π+φ, φ → K+K− ( 4.0 ± 1.7 )× 10−5 422
φK∗(892)0, φ → K+K−,K∗0

→ K−π+ ( 1.06 ± 0.20 )× 10−4 †K+2K−π+nonresonant ( 3.3 ± 1.5 )× 10−5 4342K0S K±π∓ ( 5.8 ± 1.2 )× 10−4 427
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60606060 Meson Summary TablePioni modesPioni modesPioni modesPioni modes
π+π− ( 1.407± 0.025)× 10−3 S=1.1 9222π0 ( 8.22 ± 0.25 )× 10−4 923
π+π−π0 ( 1.47 ± 0.06 ) % S=2.1 907

ρ+π− (10.0 ± 0.4 )× 10−3 764
ρ0π0 ( 3.81 ± 0.23 )× 10−3 764
ρ−π+ ( 5.08 ± 0.25 )× 10−3 764
ρ(1450)+π−, ρ+ → π+π0 ( 1.6 ± 2.0 )× 10−5 {
ρ(1450)0π0, ρ0 → π+π− ( 4.4 ± 1.9 )× 10−5 {
ρ(1450)−π+, ρ− → π−π0 ( 2.6 ± 0.4 )× 10−4 {
ρ(1700)+π−, ρ+ → π+π0 ( 6.0 ± 1.5 )× 10−4 {
ρ(1700)0π0, ρ0 → π+π− ( 7.3 ± 1.7 )× 10−4 {
ρ(1700)−π+, ρ− → π−π0 ( 4.7 ± 1.1 )× 10−4 {f0(980)π0, f0 → π+π− ( 3.7 ± 0.8 )× 10−5 {f0(500)π0, f0 → π+π− ( 1.20 ± 0.21 )× 10−4 {f0(1370)π0, f0 → π+π− ( 5.4 ± 2.1 )× 10−5 {f0(1500)π0, f0 → π+π− ( 5.7 ± 1.6 )× 10−5 {f0(1710)π0, f0 → π+π− ( 4.5 ± 1.6 )× 10−5 {f2(1270)π0, f2 → π+π− ( 1.94 ± 0.21 )× 10−4 {
π+π−π0 nonresonant ( 1.2 ± 0.4 )× 10−4 9073π0 < 3.5 × 10−4 CL=90% 9082π+2π− ( 7.45 ± 0.20 )× 10−3 880a1(1260)+π−, a+1 →2π+π− total ( 4.47 ± 0.31 )× 10−3 {a1(1260)+π−, a+1 →

ρ0π+S-wave ( 3.09 ± 0.21 )× 10−3 {a1(1260)+π−, a+1 →

ρ0π+D-wave ( 1.9 ± 0.5 )× 10−4 {a1(1260)+π−, a+1 → σπ+ ( 6.3 ± 0.7 )× 10−4 {a1(1260)−π+, a−1 →

ρ0π−S-wave ( 2.3 ± 0.9 )× 10−4 {a1(1260)−π+, a−1 → σπ− ( 6.0 ± 3.3 )× 10−5 {
π(1300)+π−, π(1300)+ →

σπ+ ( 5.1 ± 2.6 )× 10−4 {
π(1300)−π+, π(1300)− →

σπ−

( 2.2 ± 2.1 )× 10−4 {a1(1640)+π−, a+1 →

ρ0π+D-wave ( 3.1 ± 1.6 )× 10−4 {a1(1640)+π−, a+1 → σπ+ ( 1.8 ± 1.4 )× 10−4 {
π2(1670)+π−, π+2 →f2(1270)0π+, f 02 →

π+π−

( 2.0 ± 0.9 )× 10−4 {
π2(1670)+π−, π+2 → σπ+ ( 2.6 ± 1.0 )× 10−4 {2ρ0 total ( 1.83 ± 0.13 )× 10−3 5182ρ0 , parallel heliities ( 8.2 ± 3.2 )× 10−5 {2ρ0 , perpendiular heliities ( 4.8 ± 0.6 )× 10−4 {2ρ0 , longitudinal heliities ( 1.25 ± 0.10 )× 10−3 {2ρ(770)0, S-wave ( 1.8 ± 1.2 )× 10−4 {2ρ(770)0, P-wave ( 5.2 ± 1.3 )× 10−4 {2ρ(770)0, D-wave ( 6.1 ± 3.0 )× 10−4 {Resonant (π+π−)π+π−3-body total ( 1.49 ± 0.12 )× 10−3 {

σπ+π− ( 6.1 ± 0.9 )× 10−4 {
σρ(770)0 ( 4.9 ± 2.5 )× 10−4 {
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Meson Summary Table 61616161f0(980)π+π−, f0 → π+π− ( 1.8 ± 0.5 )× 10−4 {f2(1270)π+π−, f2 →

π+π−

( 3.7 ± 0.6 )× 10−4 {2f2(1270), f2 → π+π− ( 1.6 ± 1.8 )× 10−4 {f0(1370)σ, f0 → π+π− ( 1.6 ± 0.5 )× 10−3 {
π+π−2π0 ( 1.00 ± 0.09 ) % 882

ηπ0 [hhh℄ ( 6.7 ± 0.6 )× 10−4 846
ωπ0 [hhh℄ ( 1.17 ± 0.35 )× 10−4 7612π+2π−π0 ( 4.2 ± 0.5 )× 10−3 844
ηπ+π− [hhh℄ ( 1.09 ± 0.16 )× 10−3 827
ωπ+π− [hhh℄ ( 1.6 ± 0.5 )× 10−3 7383π+3π− ( 4.2 ± 1.2 )× 10−4 795

η′(958)π0 ( 9.0 ± 1.4 )× 10−4 678
η′(958)π+π− ( 4.5 ± 1.7 )× 10−4 6502η ( 1.68 ± 0.20 )× 10−3 754
ηη′(958) ( 1.05 ± 0.26 )× 10−3 537Hadroni modes with a K K pairHadroni modes with a K K pairHadroni modes with a K K pairHadroni modes with a K K pairK+K− ( 3.97 ± 0.07 )× 10−3 S=1.4 7912K0S ( 1.70 ± 0.12 )× 10−4 789K0S K−π+ ( 3.3 ± 0.5 )× 10−3 S=1.1 739K∗(892)0K0S , K∗0

→ K−π+ ( 8.1 ± 1.6 )× 10−5 608K∗(892)+K−, K∗+
→K0S π+ ( 1.86 ± 0.30 )× 10−3 {K∗(1410)0K0S , K∗0
→K−π+ ( 1.2 ± 1.8 )× 10−4 {K∗(1410)+K−, K∗+
→K0S π+ ( 3.1 ± 1.9 )× 10−4 {(K−π+)S−waveK0S ( 5.9 ± 2.8 )× 10−4 739(K0S π+)S−waveK− ( 3.8 ± 1.0 )× 10−4 739a0(980)−π+, a−0 → K0S K− ( 1.3 ± 1.4 )× 10−4 {a0(1450)−π+, a−0 → K0S K− ( 2.4 ± 2.0 )× 10−5 {a2(1320)−π+, a−2 → K0S K− ( 5 ± 5 )× 10−6 {

ρ(1450)−π+, ρ− → K0S K− ( 4.6 ± 2.5 )× 10−5 {K0S K+π− ( 2.13 ± 0.34 )× 10−3 S=1.1 739K∗(892)0K0S , K∗0
→ K+π− ( 1.10 ± 0.21 )× 10−4 608K∗(892)−K+, K∗−
→K0S π−

( 6.1 ± 1.0 )× 10−4 {K∗(1410)0K0S , K∗0
→K+π+ ( 5 ± 8 )× 10−5 {K∗(1410)−K+, K∗−
→K0S π−

( 2.5 ± 2.0 )× 10−4 {(K+π−)S−waveK0S ( 3.6 ± 1.9 )× 10−4 739(K0S π−)S−waveK+ ( 1.3 ± 0.6 )× 10−4 739a0(980)+π−, a+0 → K0S K+ ( 6 ± 4 )× 10−4 {a0(1450)+π−, a+0 → K0S K+ ( 3.2 ± 2.5 )× 10−5 {
ρ(1700)+π−, ρ+ → K0S K+ ( 1.1 ± 0.6 )× 10−5 {K+K−π0 ( 3.37 ± 0.15 )× 10−3 743K∗(892)+K−, K∗(892)+ →K+π0 ( 1.50 ± 0.07 )× 10−3 {K∗(892)−K+, K∗(892)− →K−π0 ( 5.4 ± 0.4 )× 10−4 {(K+π0)S−waveK− ( 2.40 ± 0.17 )× 10−3 743(K−π0)S−waveK+ ( 1.3 ± 0.5 )× 10−4 743
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62626262 Meson Summary Tablef0(980)π0, f0 → K+K− ( 3.5 ± 0.6 )× 10−4 {
φπ0, φ → K+K− ( 6.5 ± 0.4 )× 10−4 {2K0S π0 < 5.9 × 10−4 740K+K−π+π− ( 2.44 ± 0.11 )× 10−3 677
φ(π+π−)S−wave, φ →K+K−

(10 ± 5 )× 10−5 614(φρ0)S−wave, φ → K+K− ( 6.8 ± 0.6 )× 10−4 250(φρ0)P−wave, φ → K+K− ( 3.9 ± 1.9 )× 10−5 {(φρ0)D−wave, φ → K+K− ( 4.1 ± 1.4 )× 10−5 {(K∗(892)0K∗(892)0)S−wave,K∗0
→ K±π∓

( 1.1 ± 0.5 )× 10−4 {(K∗(892)0K∗(892)0)P−wave,K∗
→ K±π∓

( 9 ± 4 )× 10−5 {(K∗(892)0K∗(892)0)D−wave,K∗
→ K±π∓

( 9.7 ± 2.3 )× 10−5 {K∗(892)0 (K−π+)S−wave 3-body, K∗0
→ K+π−

( 1.4 ± 0.6 )× 10−4 {K1(1270)+K−, K+1 →K∗0π+ ( 1.3 ± 0.9 )× 10−4 {K1(1270)+K−, K+1 →K∗(1430)0π+, K∗0
→K+π−

( 1.5 ± 0.5 )× 10−4 {K1(1270)+K−, K+1 → ρ0K+ ( 2.2 ± 0.6 )× 10−4 {K1(1270)+K−, K+1 →

ω(782)K+, ω → π+π−

( 1.5 ± 1.2 )× 10−5 {K1(1270)−K+, K−1 → ρ0K− ( 1.3 ± 0.4 )× 10−4 {K1(1400)+K−, K+1 →K∗(892)0π+, K∗0
→K+π−

( 3.0 ± 1.7 )× 10−4 {K1(1680)+K−, K+1 →K∗0π+, K∗0
→ K+π−

( 8.8 ± 3.1 )× 10−5 {K+K−π+π−non-resonant ( 2.7 ± 0.6 )× 10−4 {2K0S π+π− ( 1.20 ± 0.23 )× 10−3 673K0S K−2π+π−
< 1.4 × 10−4 CL=90% 595K+K−π+π−π0 ( 3.1 ± 2.0 )× 10−3 600Other K K X modes. They inlude all deay modes of the φ, η, and ω.

φη ( 1.4 ± 0.5 )× 10−4 489
φω < 2.1 × 10−3 CL=90% 238Radiative modesRadiative modesRadiative modesRadiative modes
ρ0 γ ( 1.76 ± 0.31 )× 10−5 771
ωγ < 2.4 × 10−4 CL=90% 768
φγ ( 2.74 ± 0.19 )× 10−5 654K∗(892)0 γ ( 4.1 ± 0.7 )× 10−4 719Doubly Cabibbo suppressed (DC ) modes orDoubly Cabibbo suppressed (DC ) modes orDoubly Cabibbo suppressed (DC ) modes orDoubly Cabibbo suppressed (DC ) modes or�C = 2 forbidden via mixing (C2M) modes�C = 2 forbidden via mixing (C2M) modes�C = 2 forbidden via mixing (C2M) modes�C = 2 forbidden via mixing (C2M) modesK+ ℓ−νℓ via D0

< 2.2 × 10−5 CL=90% {K+or K∗(892)+ e−νe viaD0 < 6 × 10−5 CL=90% {K+π− DC ( 1.48 ± 0.07 )× 10−4 S=2.8 861K+π− via DCS ( 1.366± 0.028)× 10−4 {K+π− via D0
< 1.6 × 10−5 CL=95% 861K0S π+π− in D0

→ D0
< 1.7 × 10−4 CL=95% {
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Meson Summary Table 63636363K∗(892)+π−, K∗+
→K0S π+ DC ( 1.11 + 0.60

− 0.33 )× 10−4 711K∗0(1430)+π−, K∗+0 →K0S π+ DC < 1.4 × 10−5 {K∗2(1430)+π−, K∗+2 →K0S π+ DC < 3.3 × 10−5 {K+π−π0 DC ( 3.01 ± 0.15 )× 10−4 844K+π−π0 via D0 ( 7.5 ± 0.5 )× 10−4 {K+π+ 2π− via DCS ( 2.45 ± 0.07 )× 10−4 {K+π+ 2π− DC ( 2.61 ± 0.06 )× 10−4 813K+π+ 2π− via D0 ( 7.8 ± 2.9 )× 10−6 812
µ− anything via D0

< 4 × 10−4 CL=90% {�C = 1 weak neutral urrent (C1) modes,�C = 1 weak neutral urrent (C1) modes,�C = 1 weak neutral urrent (C1) modes,�C = 1 weak neutral urrent (C1) modes,Lepton Family number (LF ) violating modes,Lepton Family number (LF ) violating modes,Lepton Family number (LF ) violating modes,Lepton Family number (LF ) violating modes,Lepton (L) or Baryon (B) number violating modesLepton (L) or Baryon (B) number violating modesLepton (L) or Baryon (B) number violating modesLepton (L) or Baryon (B) number violating modes
γ γ C1 < 8.5 × 10−7 CL=90% 932e+ e− C1 < 7.9 × 10−8 CL=90% 932
µ+µ− C1 < 6.2 × 10−9 CL=90% 926
π0 e+ e− C1 < 4.5 × 10−5 CL=90% 928
π0µ+µ− C1 < 1.8 × 10−4 CL=90% 915
ηe+ e− C1 < 1.1 × 10−4 CL=90% 852
ηµ+µ− C1 < 5.3 × 10−4 CL=90% 838
π+π− e+ e− C1 < 3.73 × 10−4 CL=90% 922
ρ0 e+ e− C1 < 1.0 × 10−4 CL=90% 771
π+π−µ+µ− C1 ( 9.6 ± 1.2 )× 10−7 894
π+π−µ+µ− (non-res) < 5.5 × 10−7 CL=90% {
ρ0µ+µ− C1 < 2.2 × 10−5 CL=90% 754
ω e+ e− C1 < 1.8 × 10−4 CL=90% 768
ωµ+µ− C1 < 8.3 × 10−4 CL=90% 751K−K+ e+ e− C1 < 3.15 × 10−4 CL=90% 791
φe+ e− C1 < 5.2 × 10−5 CL=90% 654K−K+µ+µ− C1 ( 1.54 ± 0.32 )× 10−7 710K−K+µ+µ− (non-res) < 3.3 × 10−5 CL=90% {
φµ+µ− C1 < 3.1 × 10−5 CL=90% 631K0 e+ e− [zz ℄ < 1.1 × 10−4 CL=90% 866K0µ+µ− [zz ℄ < 2.6 × 10−4 CL=90% 852K−π+ e+ e− C1 < 3.85 × 10−4 CL=90% 861K∗(892)0 e+ e− [zz ℄ < 4.7 × 10−5 CL=90% 719K−π+µ+µ− C1 < 3.59 × 10−4 CL=90% 829K−π+µ+µ− , 675 <mµµ < 875 MeV ( 4.2 ± 0.4 )× 10−6 {K∗(892)0µ+µ− [zz ℄ < 2.4 × 10−5 CL=90% 700
π+π−π0µ+µ− C1 < 8.1 × 10−4 CL=90% 863
µ± e∓ LF [hh℄ < 1.3 × 10−8 CL=90% 929
π0 e±µ∓ LF [hh℄ < 8.6 × 10−5 CL=90% 924
ηe±µ∓ LF [hh℄ < 1.0 × 10−4 CL=90% 848
π+π− e±µ∓ LF [hh℄ < 1.5 × 10−5 CL=90% 911
ρ0 e±µ∓ LF [hh℄ < 4.9 × 10−5 CL=90% 767
ω e±µ∓ LF [hh℄ < 1.2 × 10−4 CL=90% 764K−K+ e±µ∓ LF [hh℄ < 1.8 × 10−4 CL=90% 754
φe±µ∓ LF [hh℄ < 3.4 × 10−5 CL=90% 648K0 e±µ∓ LF [hh℄ < 1.0 × 10−4 CL=90% 863K−π+ e±µ∓ LF [hh℄ < 5.53 × 10−4 CL=90% 848
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64646464 Meson Summary TableK∗(892)0 e±µ∓ LF [hh℄ < 8.3 × 10−5 CL=90% 7142π−2e++ .. L < 1.12 × 10−4 CL=90% 9222π−2µ++ .. L < 2.9 × 10−5 CL=90% 894K−π− 2e++ .. L < 2.06 × 10−4 CL=90% 861K−π− 2µ++ .. L < 3.9 × 10−4 CL=90% 8292K−2e++ .. L < 1.52 × 10−4 CL=90% 7912K−2µ++ .. L < 9.4 × 10−5 CL=90% 710
π−π− e+µ++ .. L < 7.9 × 10−5 CL=90% 911K−π− e+µ++ .. L < 2.18 × 10−4 CL=90% 8482K− e+µ++ .. L < 5.7 × 10−5 CL=90% 754p e− L,B [iii ℄ < 1.0 × 10−5 CL=90% 696pe+ L,B [jjj℄ < 1.1 × 10−5 CL=90% 696D∗(2007)0D∗(2007)0D∗(2007)0D∗(2007)0 I (JP ) = 12 (1−)I, J, P need on�rmation.Mass m = 2006.85 ± 0.05 MeV (S = 1.1)mD∗0 − mD0 = 142.016 ± 0.030 MeV (S = 1.5)Full width � < 2.1 MeV, CL = 90%D∗(2007)0 modes are harge onjugates of modes below.D∗(2007)0 DECAY MODESD∗(2007)0 DECAY MODESD∗(2007)0 DECAY MODESD∗(2007)0 DECAY MODES Fration (�i /�) p (MeV/)D0π0 (64.7±0.9) % 43D0 γ (35.3±0.9) % 137D∗(2010)±D∗(2010)±D∗(2010)±D∗(2010)± I (JP ) = 12 (1−)I, J, P need on�rmation.Mass m = 2010.26 ± 0.05 MeVmD∗(2010)+ − mD+ = 140.603 ± 0.015 MeVmD∗(2010)+ − mD0 = 145.4257 ± 0.0017 MeVFull width � = 83.4 ± 1.8 keVD∗(2010)− modes are harge onjugates of the modes below.D∗(2010)± DECAY MODESD∗(2010)± DECAY MODESD∗(2010)± DECAY MODESD∗(2010)± DECAY MODES Fration (�i /�) p (MeV/)D0π+ (67.7±0.5) % 39D+π0 (30.7±0.5) % 38D+ γ ( 1.6±0.4) % 136D∗0(2400)0D∗0(2400)0D∗0(2400)0D∗0(2400)0 I (JP ) = 12 (0+)Mass m = 2318 ± 29 MeV (S = 1.7)Full width � = 267 ± 40 MeVD1(2420)0D1(2420)0D1(2420)0D1(2420)0 I (JP ) = 12 (1+)I needs on�rmation.Mass m = 2420.8 ± 0.5 MeV (S = 1.3)mD01 − mD∗+ = 410.6 ± 0.5 (S = 1.3)Full width � = 31.7 ± 2.5 MeV (S = 3.5)
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Meson Summary Table 65656565D∗2(2460)0D∗2(2460)0D∗2(2460)0D∗2(2460)0 I (JP ) = 12 (2+)JP = 2+ assignment strongly favored.Mass m = 2460.7 ± 0.4 MeV (S = 3.1)mD∗02 − mD+ = 591.0 ± 0.4 MeV (S = 2.9)mD∗02 − mD∗+ = 450.4 ± 0.4 MeV (S = 2.9)Full width � = 47.5 ± 1.1 MeV (S = 1.8)D∗2(2460)±D∗2(2460)±D∗2(2460)±D∗2(2460)± I (JP ) = 12 (2+)JP = 2+ assignment strongly favored.Mass m = 2465.4 ± 1.3 MeV (S = 3.1)mD∗2(2460)± − mD∗2(2460)0 = 2.4 ± 1.7 MeVFull width � = 46.7 ± 1.2 MeVCHARMED, STRANGE MESONSCHARMED, STRANGE MESONSCHARMED, STRANGE MESONSCHARMED, STRANGE MESONS(C = S = ±1)(C = S = ±1)(C = S = ±1)(C = S = ±1)D+s = s , D−s =  s, similarly for D∗s 'sD±sD±sD±sD±s I (JP ) = 0(0−)Mass m = 1968.34 ± 0.07 MeVmD±s − mD±
= 98.69 ± 0.05 MeVMean life τ = (504 ± 4)× 10−15 s (S = 1.2)τ = 151.2 µmCP-violating deay-rate asymmetriesCP-violating deay-rate asymmetriesCP-violating deay-rate asymmetriesCP-violating deay-rate asymmetriesACP (µ±ν) = (5 ± 6)%ACP (K±K0S ) = (0.08 ± 0.26)%ACP (K+K−π±) = (−0.5 ± 0.9)%ACP (φπ±) = (−0.38 ± 0.27)%ACP (K±K0S π0) = (−2 ± 6)%ACP (2K0S π±) = (3 ± 5)%ACP (K+K−π±π0) = (0.0 ± 3.0)%ACP (K±K0S π+π−) = (−6 ± 5)%ACP (K0S K∓2π±) = (4.1 ± 2.8)%ACP (π+π−π±) = (−0.7 ± 3.1)%ACP (π± η) = (1.1 ± 3.1)%ACP (π± η′) = (−0.9 ± 0.5)%ACP (ηπ±π0) = (−1 ± 4)%ACP (η′π±π0) = (0 ± 8)%ACP (K±π0) = (−27 ± 24)%ACP (K0/K0π±) = (0.4 ± 0.5)%ACP (K0S π±) = (3.1 ± 2.6)% (S = 1.7)ACP (K±π+π−) = (4 ± 5)%ACP (K±η) = (9 ± 15)%ACP (K±η′(958)) = (6 ± 19)%
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66666666 Meson Summary TableCP violating asymmetries of P-odd (T-odd) momentsCP violating asymmetries of P-odd (T-odd) momentsCP violating asymmetries of P-odd (T-odd) momentsCP violating asymmetries of P-odd (T-odd) momentsAT (K0S K±π+π−) = (−14 ± 8)× 10−3 [ss℄D+s → φℓ+ νℓ form fatorsD+s → φℓ+ νℓ form fatorsD+s → φℓ+ νℓ form fatorsD+s → φℓ+ νℓ form fatorsr2 = 0.84 ± 0.11 (S = 2.4)rv = 1.80 ± 0.08�L/�T = 0.72 ± 0.18Unless otherwise noted, the branhing frations for modes with a resonane inthe �nal state inlude all the deay modes of the resonane. D−s modes areharge onjugates of the modes below. Sale fator/ pD+s DECAY MODESD+s DECAY MODESD+s DECAY MODESD+s DECAY MODES Fration (�i /�) Con�dene level (MeV/)Inlusive modesInlusive modesInlusive modesInlusive modese+ semileptoni [kkk℄ ( 6.5 ±0.4 ) % {
π+ anything (119.3 ±1.4 ) % {
π− anything ( 43.2 ±0.9 ) % {
π0 anything (123 ±7 ) % {K− anything ( 18.7 ±0.5 ) % {K+anything ( 28.9 ±0.7 ) % {K0S anything ( 19.0 ±1.1 ) % {
η anything [lll℄ ( 29.9 ±2.8 ) % {
ω anything ( 6.1 ±1.4 ) % {
η′ anything [nnn℄ ( 10.3 ±1.4 ) % S=1.1 {f0(980) anything, f0 → π+π−

< 1.3 % CL=90% {
φ anything ( 15.7 ±1.0 ) % {K+K− anything ( 15.8 ±0.7 ) % {K0S K+anything ( 5.8 ±0.5 ) % {K0S K− anything ( 1.9 ±0.4 ) % {2K0S anything ( 1.70±0.32) % {2K+anything < 2.6 × 10−3 CL=90% {2K− anything < 6 × 10−4 CL=90% {Leptoni and semileptoni modesLeptoni and semileptoni modesLeptoni and semileptoni modesLeptoni and semileptoni modese+ νe < 8.3 × 10−5 CL=90% 984
µ+νµ ( 5.50±0.23)× 10−3 981
τ+ ντ ( 5.48±0.23) % 182K+K− e+νe | 851

φe+ νe [ooo℄ ( 2.39±0.16) % S=1.3 720
φµ+ νµ ( 1.9 ±0.5 ) % 715
ηe+ νe + η′(958)e+ νe [ooo℄ ( 3.03±0.24) % {

ηe+ νe [ooo℄ ( 2.29±0.19) % 908
η′(958)e+νe [ooo℄ ( 7.4 ±1.4 )× 10−3 751

ηµ+ νµ ( 2.4 ±0.5 ) % 905
η′(958)µ+νµ ( 1.1 ±0.5 ) % 747
ω e+ νe [ppp℄ < 2.0 × 10−3 CL=90% 829K0 e+ νe ( 3.9 ±0.9 )× 10−3 921K∗(892)0 e+νe [ooo℄ ( 1.8 ±0.4 )× 10−3 782Hadroni modes with a K K pairHadroni modes with a K K pairHadroni modes with a K K pairHadroni modes with a K K pairK+K0S ( 1.50±0.05) % 850K+K0 ( 2.95±0.14) % 850K+K−π+ [tt℄ ( 5.45±0.17) % S=1.2 805

φπ+ [ooo,qqq℄ ( 4.5 ±0.4 ) % 712
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Meson Summary Table 67676767
φπ+, φ → K+K− [qqq℄ ( 2.27±0.08) % 712K+K∗(892)0 , K∗0

→ K−π+ ( 2.61±0.09) % 416f0(980)π+ , f0 → K+K− ( 1.15±0.32) % 732f0(1370)π+ , f0 → K+K− ( 7 ±5 )× 10−4 {f0(1710)π+ , f0 → K+K− ( 6.7 ±2.9 )× 10−4 198K+K∗0(1430)0 , K∗0 → K−π+ ( 1.9 ±0.4 )× 10−3 218K+K0S π0 ( 1.52±0.22) % 8052K0S π+ ( 7.7 ±0.6 )× 10−3 802K0K0π+ | 802K∗(892)+K0 [ooo℄ ( 5.4 ±1.2 ) % 683K+K−π+π0 ( 6.3 ±0.6 ) % 748
φρ+ [ooo℄ ( 8.4 +1.9

−2.3 ) % 401K0S K−2π+ ( 1.68±0.10) % 744K∗(892)+K∗(892)0 [ooo℄ ( 7.2 ±2.6 ) % 416K+K0S π+π− ( 1.00±0.08) % 744K+K−2π+π− ( 8.7 ±1.5 )× 10−3 673
φ2π+π− [ooo℄ ( 1.21±0.16) % 640K+K−ρ0π+non-φ < 2.6 × 10−4 CL=90% 249
φρ0π+, φ → K+K− ( 6.5 ±1.3 )× 10−3 181

φa1(1260)+, φ → K+K−,a+1 → ρ0π+ ( 7.5 ±1.2 )× 10−3 †K+K−2π+π− nonresonant ( 9 ±7 )× 10−4 6732K0S 2π+π− ( 9 ±4 )× 10−4 669Hadroni modes without K 'sHadroni modes without K 'sHadroni modes without K 'sHadroni modes without K 's
π+π0 < 3.5 × 10−4 CL=90% 9752π+π− ( 1.09±0.05) % S=1.1 959

ρ0π+ ( 2.0 ±1.2 )× 10−4 825
π+ (π+π−)S−wave [rrr ℄ ( 9.1 ±0.4 )× 10−3 959f2(1270)π+ , f2 → π+π− ( 1.10±0.20)× 10−3 559
ρ(1450)0π+ , ρ0 → π+π− ( 3.0 ±2.0 )× 10−4 421

π+ 2π0 ( 6.5 ±1.3 )× 10−3 9612π+π−π0 | 935
ηπ+ [ooo℄ ( 1.70±0.09) % S=1.1 902
ωπ+ [ooo℄ ( 2.4 ±0.6 )× 10−3 8223π+2π− ( 8.0 ±0.8 )× 10−3 8992π+π− 2π0 | 902
ηρ+ [ooo℄ ( 8.9 ±0.8 ) % 724
ηπ+π0 ( 9.2 ±1.2 ) % 885
ωπ+π0 [ooo℄ ( 2.8 ±0.7 ) % 8023π+2π−π0 ( 4.9 ±3.2 ) % 856
ω2π+π− [ooo℄ ( 1.6 ±0.5 ) % 766
η′(958)π+ [nnn,ooo℄ ( 3.94±0.25) % 7433π+2π−2π0 | 803
ωηπ+ [ooo℄ < 2.13 % CL=90% 654
η′(958)ρ+ [nnn,ooo℄ ( 5.8 ±1.5 ) % 465
η′(958)π+π0 ( 5.6 ±0.8 ) % 720

η′(958)π+π0 nonresonant < 5.1 % CL=90% 720Modes with one or three K 'sModes with one or three K 'sModes with one or three K 'sModes with one or three K 'sK+π0 ( 6.3 ±2.1 )× 10−4 917K0S π+ ( 1.22±0.06)× 10−3 916K+η [ooo℄ ( 1.77±0.35)× 10−3 835K+ω [ooo℄ < 2.4 × 10−3 CL=90% 741K+η′(958) [ooo℄ ( 1.8 ±0.6 )× 10−3 646
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68686868 Meson Summary TableK+π+π− ( 6.6 ±0.4 )× 10−3 900K+ρ0 ( 2.5 ±0.4 )× 10−3 745K+ρ(1450)0 , ρ0 → π+π− ( 7.0 ±2.4 )× 10−4 {K∗(892)0π+ , K∗0
→ K+π− ( 1.42±0.24)× 10−3 775K∗(1410)0π+ , K∗0
→ K+π− ( 1.24±0.29)× 10−3 {K∗(1430)0π+ , K∗0
→ K+π− ( 5.0 ±3.5 )× 10−4 {K+π+π−nonresonant ( 1.04±0.34)× 10−3 900K0π+π0 ( 1.00±0.18) % 899K0S 2π+π− ( 3.0 ±1.1 )× 10−3 870K+ωπ0 [ooo℄ < 8.2 × 10−3 CL=90% 684K+ωπ+π− [ooo℄ < 5.4 × 10−3 CL=90% 603K+ωη [ooo℄ < 7.9 × 10−3 CL=90% 3662K+K− ( 2.18±0.21)× 10−4 628

φK+ , φ → K+K− ( 8.9 ±2.0 )× 10−5 {Doubly Cabibbo-suppressed modesDoubly Cabibbo-suppressed modesDoubly Cabibbo-suppressed modesDoubly Cabibbo-suppressed modes2K+π− ( 1.27±0.13)× 10−4 805K+K∗(892)0 , K∗0
→ K+π− ( 6.0 ±3.4 )× 10−5 {Baryon-antibaryon modeBaryon-antibaryon modeBaryon-antibaryon modeBaryon-antibaryon modepn ( 1.3 ±0.4 )× 10−3 295�C = 1 weak neutral urrent (C1) modes,�C = 1 weak neutral urrent (C1) modes,�C = 1 weak neutral urrent (C1) modes,�C = 1 weak neutral urrent (C1) modes,Lepton family number (LF), orLepton family number (LF), orLepton family number (LF), orLepton family number (LF), orLepton number (L) violating modesLepton number (L) violating modesLepton number (L) violating modesLepton number (L) violating modes

π+ e+ e− [zz ℄ < 1.3 × 10−5 CL=90% 979
π+φ, φ → e+ e− [yy ℄ ( 6 +8

−4 )× 10−6 {
π+µ+µ− [zz ℄ < 4.1 × 10−7 CL=90% 968K+ e+ e− C1 < 3.7 × 10−6 CL=90% 922K+µ+µ− C1 < 2.1 × 10−5 CL=90% 909K∗(892)+µ+µ− C1 < 1.4 × 10−3 CL=90% 765
π+ e+µ− LF < 1.2 × 10−5 CL=90% 976
π+ e−µ+ LF < 2.0 × 10−5 CL=90% 976K+ e+µ− LF < 1.4 × 10−5 CL=90% 919K+ e−µ+ LF < 9.7 × 10−6 CL=90% 919
π− 2e+ L < 4.1 × 10−6 CL=90% 979
π− 2µ+ L < 1.2 × 10−7 CL=90% 968
π− e+µ+ L < 8.4 × 10−6 CL=90% 976K−2e+ L < 5.2 × 10−6 CL=90% 922K−2µ+ L < 1.3 × 10−5 CL=90% 909K− e+µ+ L < 6.1 × 10−6 CL=90% 919K∗(892)− 2µ+ L < 1.4 × 10−3 CL=90% 765D∗±sD∗±sD∗±sD∗±s I (JP ) = 0(??)JP is natural, width and deay modes onsistent with 1− .Mass m = 2112.2 ± 0.4 MeVmD∗±s − mD±s = 143.8 ± 0.4 MeVFull width � < 1.9 MeV, CL = 90%
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Meson Summary Table 69696969D∗−s modes are harge onjugates of the modes below.D∗+s DECAY MODESD∗+s DECAY MODESD∗+s DECAY MODESD∗+s DECAY MODES Fration (�i /�) p (MeV/)D+s γ (93.5±0.7) % 139D+s π0 ( 5.8±0.7) % 48D+s e+ e− ( 6.7±1.6) × 10−3 139D∗s0(2317)±D∗s0(2317)±D∗s0(2317)±D∗s0(2317)± I (JP ) = 0(0+)J, P need on�rmation.JP is natural, low mass onsistent with 0+.Mass m = 2317.7 ± 0.6 MeV (S = 1.1)mD∗s0(2317)± − mD±s = 349.4 ± 0.6 MeV (S = 1.1)Full width � < 3.8 MeV, CL = 95%Ds1(2460)±Ds1(2460)±Ds1(2460)±Ds1(2460)± I (JP ) = 0(1+)Mass m = 2459.5 ± 0.6 MeV (S = 1.1)mDs1(2460)± − mD∗±s = 347.3 ± 0.7 MeV (S = 1.2)mDs1(2460)± − mD±s = 491.2 ± 0.6 MeV (S = 1.1)Full width � < 3.5 MeV, CL = 95%Ds1(2460)− modes are harge onjugates of the modes below. Sale fator/ pDs1(2460)+ DECAY MODESDs1(2460)+ DECAY MODESDs1(2460)+ DECAY MODESDs1(2460)+ DECAY MODES Fration (�i /�) Con�dene level (MeV/)D∗+s π0 (48 ±11 ) % 297D+s γ (18 ± 4 ) % 442D+s π+π− ( 4.3± 1.3) % S=1.1 363D∗+s γ < 8 % CL=90% 323D∗s0(2317)+γ ( 3.7+ 5.0
− 2.4) % 138Ds1(2536)±Ds1(2536)±Ds1(2536)±Ds1(2536)± I (JP ) = 0(1+)J, P need on�rmation.Mass m = 2535.10 ± 0.06 MeVFull width � = 0.92 ± 0.05 MeVDs1(2536)− modes are harge onjugates of the modes below. pDs1(2536)+ DECAY MODESDs1(2536)+ DECAY MODESDs1(2536)+ DECAY MODESDs1(2536)+ DECAY MODES Fration (�i /�) Con�dene level (MeV/)D∗(2010)+K0 0.85 ±0.12 149(D∗(2010)+K0)S−wave 0.61 ±0.09 149D+π−K+ 0.028±0.005 176D∗(2007)0K+ DEFINED AS 1DEFINED AS 1DEFINED AS 1DEFINED AS 1 167D+K0

<0.34 90% 381D0K+
<0.12 90% 391See Partile Listings for 2 deay modes that have been seen / not seen.
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70707070 Meson Summary TableD∗s2(2573)D∗s2(2573)D∗s2(2573)D∗s2(2573) I (JP ) = 0(2+)JP is natural, width and deay modes onsistent with 2+ .Mass m = 2569.1 ± 0.8 MeV (S = 2.4)Full width � = 16.9 ± 0.8 MeVD∗s1(2700)±D∗s1(2700)±D∗s1(2700)±D∗s1(2700)± I (JP ) = 0(1−)Mass m = 2708.3+4.0
−3.4 MeVFull width � = 120 ± 11 MeVBOTTOM MESONSBOTTOM MESONSBOTTOM MESONSBOTTOM MESONS(B = ±1)(B = ±1)(B = ±1)(B = ±1)B+ = ub, B0 = db, B0 = d b, B− = ub, similarly for B∗'sB±B±B±B± I (JP ) = 12 (0−)I , J , P need on�rmation. Quantum numbers shown are quark-modelpreditions.Mass mB±

= 5279.32 ± 0.14 MeV (S = 1.1)Mean life τB±
= (1.638 ± 0.004)× 10−12 sτ = 491.1 µmCP violationCP violationCP violationCP violationACP (B+

→ J/ψ(1S)K+) = (1.8 ± 3.0)× 10−3 (S = 1.5)ACP (B+
→ J/ψ(1S)π+) = (1.8 ± 1.2)× 10−2 (S = 1.3)ACP (B+
→ J/ψρ+) = −0.11 ± 0.14ACP (B+
→ J/ψK∗(892)+) = −0.048 ± 0.033ACP (B+
→ η K+) = 0.01 ± 0.07 (S = 2.2)ACP (B+
→ ψ(2S)π+) = 0.03 ± 0.06ACP (B+
→ ψ(2S)K+) = 0.012 ± 0.020 (S = 1.5)ACP (B+
→ ψ(2S)K∗(892)+) = 0.08 ± 0.21ACP (B+
→ χ1(1P)π+) = 0.07 ± 0.18ACP (B+
→ χ0K+) = −0.20 ± 0.18 (S = 1.5)ACP (B+
→ χ1K+) = −0.009 ± 0.033ACP (B+
→ χ1K∗(892)+) = 0.5 ± 0.5ACP (B+
→ D0 ℓ+νℓ) = (−0.14 ± 0.20)× 10−2ACP (B+
→ D0π+) = −0.007 ± 0.007ACP (B+
→ DCP (+1)π+) = −0.0080 ± 0.0026ACP (B+
→ DCP (−1)π+) = 0.017 ± 0.026ACP ([K∓π±π+π− ℄D π+) = 0.02 ± 0.05ACP (B+
→ [π+π+π−π− ℄DK+) = 0.10 ± 0.04ACP (B+
→ [π+π−π+π− ℄DK∗(892)+) = 0.02 ± 0.11ACP (B+
→ D0K+) = −0.017 ± 0.005ACP ([K∓π±π+π− ℄DK+) = −0.31 ± 0.11ACP (B+
→ [π+π+π−π− ℄D π+) = (−4 ± 8)× 10−3ACP (B+
→ [K−π+ ℄DK+) = −0.58 ± 0.21
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Meson Summary Table 71717171ACP (B+
→ [K−π+π0 ℄DK+) = 0.07 ± 0.30 (S = 1.5)ACP (B+
→ [K+K−π0 ℄D K+) = 0.30 ± 0.20ACP (B+
→ [π+π−π0 ℄DK+) = 0.05 ± 0.09ACP (B+
→ D0K∗(892)+) = −0.007 ± 0.019ACP (B+
→ [K−π+ ℄DK∗(892)+) = −0.75 ± 0.16ACP (B+
→ [K−π+π−π+ ℄D K∗(892)+) = −0.45 ± 0.25ACP (B+
→ [K−π+ ℄D π+) = 0.00 ± 0.09ACP (B+
→ [K−π+π0 ℄D π+) = 0.35 ± 0.16ACP (B+
→ [K+K−π0 ℄D π+) = −0.03 ± 0.04ACP (B+
→ [π+π−π0 ℄D π+) = −0.016 ± 0.020ACP (B+
→ [K−π+ ℄(D π)π+) = −0.09 ± 0.27ACP (B+
→ [K−π+ ℄(D γ)π+) = −0.7 ± 0.6ACP (B+
→ [K−π+ ℄(D π)K+) = 0.8 ± 0.4ACP (B+
→ [K−π+ ℄(D γ)K+) = 0.4 ± 1.0ACP (B+
→ [π+π−π0 ℄DK+) = −0.02 ± 0.15ACP (B+
→ [K0S K+π− ℄DK+) = 0.04 ± 0.09ACP (B+
→ [K0S K−π+ ℄DK+) = 0.23 ± 0.13ACP (B+
→ [K0S K−π+ ℄D π+) = −0.052 ± 0.034ACP (B+
→ [K0S K+π− ℄D π+) = −0.025 ± 0.026ACP (B+
→ [K∗(892)−K+ ℄DK+) = 0.03 ± 0.11ACP (B+
→ [K∗(892)+K− ℄DK+) = 0.34 ± 0.21ACP (B+
→ [K∗(892)+K− ℄D π+) = −0.05 ± 0.05ACP (B+
→ [K∗(892)−K+ ℄D π+) = −0.012 ± 0.030ACP (B+
→ DCP (+1)K+)ACP (B+
→ DCP (+1)K+)ACP (B+
→ DCP (+1)K+)ACP (B+
→ DCP (+1)K+) = 0.120 ± 0.014 (S = 1.4)AADS(B+
→ DK+) = −0.40 ± 0.06AADS(B+
→ D π+) = 0.100 ± 0.032AADS(B+
→ [K−π+ ℄DK+π−π+) = −0.33 ± 0.35AADS(B+
→ [K−π+ ℄D π+π−π+) = −0.01 ± 0.09ACP (B+

→ DCP (−1)K+) = −0.10 ± 0.07ACP (B+
→ [K+K− ℄DK+π−π+) = −0.04 ± 0.06ACP (B+
→ [π+π− ℄DK+π−π+) = −0.05 ± 0.10ACP (B+
→ [K−π+ ℄DK+π−π+) = 0.013 ± 0.023ACP (B+
→ [K+K− ℄D π+π−π+) = −0.019 ± 0.015ACP (B+
→ [π+π− ℄D π+π−π+) = −0.013 ± 0.019ACP (B+
→ [K−π+ ℄D π+π−π+) = −0.002 ± 0.011ACP (B+
→ D∗0π+) = 0.0010 ± 0.0028ACP (B+
→ (D∗

CP (+1))0π+) = 0.016 ± 0.010 (S = 1.2)ACP (B+
→ (D∗

CP (−1))0π+) = −0.09 ± 0.05ACP (B+
→ D∗0K+) = −0.001 ± 0.011 (S = 1.1)ACP (B+
→ D∗0

CP (+1)K+) = −0.11 ± 0.08 (S = 2.7)ACP (B+
→ D∗

CP (−1)K+) = 0.07 ± 0.10ACP (B+
→ DCP (+1)K∗(892)+) = 0.08 ± 0.06ACP (B+
→ DCP (−1)K∗(892)+) = −0.23 ± 0.22ACP (B+
→ D+s φ) = 0.0 ± 0.4ACP (B+
→ D∗+D∗0) = −0.15 ± 0.11ACP (B+
→ D∗+D0) = −0.06 ± 0.13ACP (B+
→ D+D∗0) = 0.13 ± 0.18ACP (B+
→ D+D0) = −0.03 ± 0.07ACP (B+
→ K0S π+) = −0.017 ± 0.016
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72727272 Meson Summary TableACP (B+
→ K+π0) = 0.037 ± 0.021ACP (B+
→ η′K+) = 0.004 ± 0.011ACP (B+
→ η′K∗(892)+) = −0.26 ± 0.27ACP (B+
→ η′K∗0(1430)+) = 0.06 ± 0.20ACP (B+
→ η′K∗2(1430)+) = 0.15 ± 0.13ACP (B+
→ ηK+)ACP (B+
→ ηK+)ACP (B+
→ ηK+)ACP (B+
→ ηK+) = −0.37 ± 0.08ACP (B+
→ ηK∗(892)+) = 0.02 ± 0.06ACP (B+
→ ηK∗0(1430)+) = 0.05 ± 0.13ACP (B+
→ ηK∗2(1430)+) = −0.45 ± 0.30ACP (B+
→ ωK+) = −0.02 ± 0.04ACP (B+
→ ωK∗+) = 0.29 ± 0.35ACP (B+
→ ω (Kπ)∗+0 ) = −0.10 ± 0.09ACP (B+
→ ωK∗2(1430)+) = 0.14 ± 0.15ACP (B+
→ K∗0π+) = −0.04 ± 0.09 (S = 2.1)ACP (B+
→ K∗(892)+π0) = −0.39 ± 0.21 (S = 1.6)ACP (B+
→ K+π−π+)ACP (B+
→ K+π−π+)ACP (B+
→ K+π−π+)ACP (B+
→ K+π−π+) = 0.027 ± 0.008ACP (B+
→ K+K−K+nonresonant) = 0.06 ± 0.05ACP (B+
→ f (980)0K+) = −0.08 ± 0.09ACP (B+
→ f2(1270)K+)ACP (B+
→ f2(1270)K+)ACP (B+
→ f2(1270)K+)ACP (B+
→ f2(1270)K+) = −0.68+0.19

−0.17ACP (B+
→ f0(1500)K+) = 0.28 ± 0.30ACP (B+
→ f ′2(1525)0K+) = −0.08+0.05

−0.04ACP (B+
→ ρ0K+)ACP (B+
→ ρ0K+)ACP (B+
→ ρ0K+)ACP (B+
→ ρ0K+) = 0.37 ± 0.10ACP (B+
→ K0π+π0) = 0.07 ± 0.06ACP (B+
→ K∗0(1430)0π+) = 0.061 ± 0.032ACP (B+
→ K∗0(1430)+π0) = 0.26+0.18

−0.14ACP (B+
→ K∗2(1430)0π+) = 0.05+0.29

−0.24ACP (B+
→ K+π0π0) = −0.06 ± 0.07ACP (B+
→ K0 ρ+) = −0.03 ± 0.15ACP (B+
→ K∗+π+π−) = 0.07 ± 0.08ACP (B+
→ ρ0K∗(892)+) = 0.31 ± 0.13ACP (B+
→ K∗(892)+ f0(980)) = −0.15 ± 0.12ACP (B+
→ a+1 K0) = 0.12 ± 0.11ACP (B+
→ b+1 K0) = −0.03 ± 0.15ACP (B+
→ K∗(892)0 ρ+) = −0.01 ± 0.16ACP (B+
→ b01K+) = −0.46 ± 0.20ACP (B+
→ K0K+) = 0.04 ± 0.14ACP (B+
→ K0S K+) = −0.21 ± 0.14ACP (B+
→ K+K0S K0S ) = 0.04+0.04

−0.05ACP (B+
→ K+K−π+)ACP (B+
→ K+K−π+)ACP (B+
→ K+K−π+)ACP (B+
→ K+K−π+) = −0.122 ± 0.021ACP (B+
→ K+K−K+)ACP (B+
→ K+K−K+)ACP (B+
→ K+K−K+)ACP (B+
→ K+K−K+) = −0.033 ± 0.008ACP (B+
→ φK+) = 0.024 ± 0.028 (S = 2.3)ACP (B+
→ X0(1550)K+) = −0.04 ± 0.07ACP (B+
→ K∗+K+K−) = 0.11 ± 0.09ACP (B+
→ φK∗(892)+) = −0.01 ± 0.08ACP (B+
→ φ(Kπ)∗+0 ) = 0.04 ± 0.16ACP (B+
→ φK1(1270)+) = 0.15 ± 0.20ACP (B+
→ φK∗2(1430)+) = −0.23 ± 0.20ACP (B+
→ K+φφ) = −0.10 ± 0.08ACP (B+
→ K+[φφ℄η ) = 0.09 ± 0.10ACP (B+
→ K∗(892)+γ) = 0.014 ± 0.018
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Meson Summary Table 73737373ACP (B+
→ ηK+ γ) = −0.12 ± 0.07ACP (B+
→ φK+γ) = −0.13 ± 0.11 (S = 1.1)ACP (B+
→ ρ+γ) = −0.11 ± 0.33ACP (B+
→ π+π0) = 0.03 ± 0.04ACP (B+
→ π+π−π+)ACP (B+
→ π+π−π+)ACP (B+
→ π+π−π+)ACP (B+
→ π+π−π+) = 0.057 ± 0.013ACP (B+
→ ρ0π+) = 0.18+0.09

−0.17ACP (B+
→ f2(1270)π+) = 0.41 ± 0.30ACP (B+
→ ρ0(1450)π+) = −0.1+0.4

−0.5ACP (B+
→ f0(1370)π+)ACP (B+
→ f0(1370)π+)ACP (B+
→ f0(1370)π+)ACP (B+
→ f0(1370)π+) = 0.72 ± 0.22ACP (B+
→ π+π−π+ nonresonant) = −0.14+0.23

−0.16ACP (B+
→ ρ+π0) = 0.02 ± 0.11ACP (B+
→ ρ+ρ0) = −0.05 ± 0.05ACP (B+
→ ωπ+) = −0.04 ± 0.06ACP (B+
→ ωρ+) = −0.20 ± 0.09ACP (B+
→ ηπ+) = −0.14 ± 0.07 (S = 1.4)ACP (B+
→ ηρ+) = 0.11 ± 0.11ACP (B+
→ η′π+) = 0.06 ± 0.16ACP (B+
→ η′ρ+) = 0.26 ± 0.17ACP (B+
→ b01π+) = 0.05 ± 0.16ACP (B+
→ ppπ+) = 0.00 ± 0.04ACP (B+
→ ppK+) = 0.00 ± 0.04 (S = 2.2)ACP (B+
→ ppK∗(892)+) = 0.21 ± 0.16 (S = 1.4)ACP (B+
→ p�γ) = 0.17 ± 0.17ACP (B+
→ p�π0) = 0.01 ± 0.17ACP (B+
→ K+ ℓ+ ℓ−) = −0.02 ± 0.08ACP (B+
→ K+ e+ e−) = 0.14 ± 0.14ACP (B+
→ K+µ+µ−) = 0.011 ± 0.017ACP (B+
→ π+µ+µ−) = −0.11 ± 0.12ACP (B+
→ K∗+ ℓ+ ℓ−) = −0.09 ± 0.14ACP (B+
→ K∗ e+ e−) = −0.14 ± 0.23ACP (B+
→ K∗µ+µ−) = −0.12 ± 0.24

γ = (73.5+4.3
−5.0)◦rB(B+

→ D0K+) = 0.103 ± 0.005
δB(B+

→ D0K+) = (136.9+4.6
−5.2)◦rB(B+

→ D0K∗+) = 0.075+0.017
−0.018

δB(B+
→ D0K∗+) = (106+18

−26)◦r∗
B
(B+

→ D∗0K+) = 0.142+0.019
−0.020

δ∗B(B+
→ D∗0K+) = (321+8

−9)◦B− modes are harge onjugates of the modes below. Modes whih do notidentify the harge state of the B are listed in the B±/B0 ADMIXTURE se-tion.The branhing frations listed below assume 50% B0B0 and 50% B+B−prodution at the �(4S). We have attempted to bring older measurements upto date by resaling their assumed �(4S) prodution ratio to 50:50 and theirassumed D, Ds , D∗, and ψ branhing ratios to urrent values whenever thiswould a�et our averages and best limits signi�antly.Indentation is used to indiate a subhannel of a previous reation. All resonantsubhannels have been orreted for resonane branhing frations to the �nalstate so the sum of the subhannel branhing frations an exeed that of the�nal state.
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74747474 Meson Summary TableFor inlusive branhing frations, e.g., B → D± anything, the values usuallyare multipliities, not branhing frations. They an be greater than one.Sale fator/ pB+ DECAY MODESB+ DECAY MODESB+ DECAY MODESB+ DECAY MODES Fration (�i /�) Con�dene level (MeV/)Semileptoni and leptoni modesSemileptoni and leptoni modesSemileptoni and leptoni modesSemileptoni and leptoni modes
ℓ+νℓ anything [sss℄ ( 10.99 ± 0.28 ) % {e+ νe X ( 10.8 ± 0.4 ) % {D ℓ+νℓ anything ( 8.4 ± 0.5 ) % {D0 ℓ+νℓ [sss℄ ( 2.20 ± 0.10 ) % 2310D0 τ+ ντ ( 7.7 ± 2.5 )× 10−3 1911D∗(2007)0 ℓ+νℓ [sss℄ ( 4.88 ± 0.10 ) % 2258D∗(2007)0 τ+ ντ ( 1.88 ± 0.20 ) % 1839D−π+ ℓ+νℓ ( 4.1 ± 0.5 )× 10−3 2306D∗0(2420)0 ℓ+νℓ, D∗00 →D−π+ ( 2.5 ± 0.5 )× 10−3 {D∗2(2460)0 ℓ+νℓ, D∗02 →D−π+ ( 1.53 ± 0.16 )× 10−3 2065D(∗) nπℓ+ νℓ (n ≥ 1) ( 1.60 ± 0.22 ) % {D∗−π+ ℓ+νℓ ( 6.1 ± 0.6 )× 10−3 2254D1(2420)0 ℓ+νℓ, D01 →D∗−π+ ( 3.03 ± 0.20 )× 10−3 2084D ′1(2430)0 ℓ+νℓ, D ′01 →D∗−π+ ( 2.7 ± 0.6 )× 10−3 {D∗2(2460)0 ℓ+νℓ, D∗02 →D∗−π+ ( 1.01 ± 0.24 )× 10−3 S=2.0 2065D0π+π− ℓ+νℓ ( 1.56 ± 0.34 )× 10−3 2301D∗0π+π− ℓ+νℓ ( 7 ± 4 )× 10−4 2248D(∗)−s K+ ℓ+νℓ ( 6.1 ± 1.0 )× 10−4 {D−s K+ ℓ+νℓ ( 3.0 + 1.4

− 1.2 )× 10−4 2242D∗−s K+ ℓ+νℓ ( 2.9 ± 1.9 )× 10−4 2185
π0 ℓ+νℓ ( 7.80 ± 0.27 )× 10−5 2638
ηℓ+ νℓ ( 3.9 ± 0.5 )× 10−5 2611
η′ ℓ+νℓ ( 2.3 ± 0.8 )× 10−5 2553
ωℓ+νℓ [sss℄ ( 1.19 ± 0.09 )× 10−4 2582
ρ0 ℓ+νℓ [sss℄ ( 1.58 ± 0.11 )× 10−4 2583pp ℓ+νℓ ( 5.8 + 2.6

− 2.3 )× 10−6 2467ppµ+νµ < 8.5 × 10−6 CL=90% 2446ppe+νe ( 8.2 + 4.0
− 3.3 )× 10−6 2467e+ νe < 9.8 × 10−7 CL=90% 2640

µ+νµ < 1.0 × 10−6 CL=90% 2639
τ+ ντ ( 1.09 ± 0.24 )× 10−4 S=1.2 2341
ℓ+νℓγ < 3.5 × 10−6 CL=90% 2640e+ νe γ < 6.1 × 10−6 CL=90% 2640

µ+νµ γ < 3.4 × 10−6 CL=90% 2639Inlusive modesInlusive modesInlusive modesInlusive modesD0X ( 8.6 ± 0.7 ) % {D0X ( 79 ± 4 ) % {D+X ( 2.5 ± 0.5 ) % {D−X ( 9.9 ± 1.2 ) % {D+s X ( 7.9 + 1.4
− 1.3 ) % {
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Meson Summary Table 75757575D−s X ( 1.10 + 0.40
− 0.32 ) % {�+ X ( 2.1 + 0.9
− 0.6 ) % {�− X ( 2.8 + 1.1
− 0.9 ) % { X ( 97 ± 4 ) % { X ( 23.4 + 2.2
− 1.8 ) % { / X (120 ± 6 ) % {D, D∗, or Ds modesD, D∗, or Ds modesD, D∗, or Ds modesD, D∗, or Ds modesD0π+ ( 4.68 ± 0.13 )× 10−3 2308DCP(+1)π+ [ttt℄ ( 2.05 ± 0.18 )× 10−3 {DCP(−1)π+ [ttt℄ ( 2.0 ± 0.4 )× 10−3 {D0 ρ+ ( 1.34 ± 0.18 ) % 2237D0K+ ( 3.63 ± 0.12 )× 10−4 2281DCP(+1)K+ [ttt℄ ( 1.80 ± 0.07 )× 10−4 {DCP(−1)K+ [ttt℄ ( 1.96 ± 0.18 )× 10−4 {[K−π+ ℄DK+ [uuu℄ < 2.8 × 10−7 CL=90% {[K+π− ℄DK+ [uuu℄ < 1.5 × 10−5 CL=90% {[K−π+ ℄D π+ [uuu℄ ( 6.3 ± 1.1 )× 10−7 {[K+π− ℄D π+ ( 1.78 ± 0.32 )× 10−4 {[π+π−π0 ℄DK− ( 4.6 ± 0.9 )× 10−6 {D0K∗(892)+ ( 5.3 ± 0.4 )× 10−4 2213DCP (−1)K∗(892)+ [ttt℄ ( 2.7 ± 0.8 )× 10−4 {DCP (+1)K∗(892)+ [ttt℄ ( 6.2 ± 0.6 )× 10−4 {D0K+π+π− ( 5.2 ± 2.1 )× 10−4 2237D0K+K0 ( 5.5 ± 1.6 )× 10−4 2189D0K+K∗(892)0 ( 7.5 ± 1.7 )× 10−4 2071D0π+π+π− ( 5.6 ± 2.1 )× 10−3 S=3.6 2289D0π+π+π− nonresonant ( 5 ± 4 )× 10−3 2289D0π+ ρ0 ( 4.2 ± 3.0 )× 10−3 2208D0 a1(1260)+ ( 4 ± 4 )× 10−3 2123D0ωπ+ ( 4.1 ± 0.9 )× 10−3 2206D∗(2010)−π+π+ ( 1.35 ± 0.22 )× 10−3 2247D∗(2010)−K+π+ ( 8.2 ± 1.4 )× 10−5 2206D1(2420)0π+, D01 →D∗(2010)−π+ ( 5.2 ± 2.2 )× 10−4 2081D−π+π+ ( 1.07 ± 0.05 )× 10−3 2299D−K+π+ ( 7.7 ± 0.5 )× 10−5 2260D∗0(2400)0K+, D∗00 →D−π+ ( 6.1 ± 2.4 )× 10−6 {D∗2(2460)0K+, D∗02 →D−π+ ( 2.32 ± 0.23 )× 10−5 {D∗1(2760)0K+, D∗01 →D−π+ ( 3.6 ± 1.2 )× 10−6 {D+K0

< 2.9 × 10−6 CL=90% 2278D+K+π− ( 5.6 ± 1.1 )× 10−6 2260D∗2(2460)0K+, D∗02 →D+π−

< 6.3 × 10−7 CL=90% {D+K∗0
< 4.9 × 10−7 CL=90% 2211D+K∗0
< 1.4 × 10−6 CL=90% 2211D∗(2007)0π+ ( 4.90 ± 0.17 )× 10−3 2256D∗0

CP (+1)π+ [vvv ℄ ( 2.7 ± 0.6 )× 10−3 {D∗0
CP (−1)π+ [vvv ℄ ( 2.4 ± 0.9 )× 10−3 {
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76767676 Meson Summary TableD∗(2007)0ωπ+ ( 4.5 ± 1.2 )× 10−3 2149D∗(2007)0 ρ+ ( 9.8 ± 1.7 )× 10−3 2181D∗(2007)0K+ ( 3.97 + 0.31
− 0.28 )× 10−4 2227D∗0

CP (+1)K+ [vvv ℄ ( 2.60 ± 0.33 )× 10−4 {D∗0
CP (−1)K+ [vvv ℄ ( 2.19 ± 0.30 )× 10−4 {D∗(2007)0K∗(892)+ ( 8.1 ± 1.4 )× 10−4 2156D∗(2007)0K+K0

< 1.06 × 10−3 CL=90% 2132D∗(2007)0K+K∗(892)0 ( 1.5 ± 0.4 )× 10−3 2009D∗(2007)0π+π+π− ( 1.03 ± 0.12 ) % 2236D∗(2007)0 a1(1260)+ ( 1.9 ± 0.5 ) % 2063D∗(2007)0π−π+π+π0 ( 1.8 ± 0.4 ) % 2219D∗0 3π+ 2π− ( 5.7 ± 1.2 )× 10−3 2196D∗(2010)+π0 < 3.6 × 10−6 2255D∗(2010)+K0
< 9.0 × 10−6 CL=90% 2225D∗(2010)−π+π+π0 ( 1.5 ± 0.7 ) % 2235D∗(2010)−π+π+π+π− ( 2.6 ± 0.4 )× 10−3 2217D∗∗0π+ [xxx ℄ ( 5.7 ± 1.2 )× 10−3 {D∗1(2420)0π+ ( 1.5 ± 0.6 )× 10−3 S=1.3 2082D1(2420)0π+× B(D01 →D0π+π−) ( 2.5 + 1.6

− 1.4 )× 10−4 S=3.9 2082D1(2420)0π+× B(D01 →D0π+π− (nonresonant)) ( 2.2 ± 1.0 )× 10−4 2082D∗2(2462)0π+
× B(D∗2(2462)0 → D−π+) ( 3.56 ± 0.24 )× 10−4 {D∗2(2462)0π+×B(D∗02 →D0π−π+) ( 2.2 ± 1.0 )× 10−4 {D∗2(2462)0π+×B(D∗02 →D0π−π+ (nonresonant)) < 1.7 × 10−4 CL=90% {D∗2(2462)0π+×B(D∗02 →D∗(2010)−π+) ( 2.2 ± 1.1 )× 10−4 {D∗0(2400)0π+
× B(D∗0(2400)0 → D−π+) ( 6.4 ± 1.4 )× 10−4 2128D1(2421)0π+
× B(D1(2421)0 → D∗−π+) ( 6.8 ± 1.5 )× 10−4 {D∗2(2462)0π+
× B(D∗2(2462)0 → D∗−π+) ( 1.8 ± 0.5 )× 10−4 {D ′1(2427)0π+
× B(D ′1(2427)0 → D∗−π+) ( 5.0 ± 1.2 )× 10−4 {D1(2420)0π+×B(D01 →D∗0π+π−) < 6 × 10−6 CL=90% 2082D∗1(2420)0 ρ+ < 1.4 × 10−3 CL=90% 1996D∗2(2460)0π+ < 1.3 × 10−3 CL=90% 2063D∗2(2460)0π+×B(D∗02 →D∗0π+π−) < 2.2 × 10−5 CL=90% 2063D∗1(2680)0π+, D∗1(2680)0 →D−π+ ( 8.4 ± 2.1 )× 10−5 {D∗3(2760)0π+, D∗3(2760)0π+ →D−π+ ( 1.00 ± 0.22 )× 10−5 {D∗2(3000)0π+, D∗2(3000)0π+ →D−π+ ( 2.0 ± 1.4 )× 10−6 {D∗2(2460)0 ρ+ < 4.7 × 10−3 CL=90% 1977
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Meson Summary Table 77777777D0D+s ( 9.0 ± 0.9 )× 10−3 1815D∗s0(2317)+D0, D∗+s0 → D+s π0 ( 7.9 + 1.5
− 1.3 )× 10−4 1605Ds0(2317)+D0

×B(Ds0(2317)+ → D∗+s γ) < 7.6 × 10−4 CL=90% 1605Ds0(2317)+D∗(2007)0×B(Ds0(2317)+ → D+s π0) ( 9 ± 7 )× 10−4 1511DsJ (2457)+D0 ( 3.1 + 1.0
− 0.9 )× 10−3 {DsJ (2457)+D0

×B(DsJ (2457)+ → D+s γ) ( 4.6 + 1.3
− 1.1 )× 10−4 {DsJ (2457)+D0

×B(DsJ (2457)+ →D+s π+π−) < 2.2 × 10−4 CL=90% {DsJ (2457)+D0
×B(DsJ (2457)+ → D+s π0) < 2.7 × 10−4 CL=90% {DsJ (2457)+D0
×B(DsJ (2457)+ → D∗+s γ) < 9.8 × 10−4 CL=90% {DsJ (2457)+D∗(2007)0 ( 1.20 ± 0.30 ) % {DsJ (2457)+D∗(2007)0×B(DsJ (2457)+ → D+s γ) ( 1.4 + 0.7

− 0.6 )× 10−3 {D0Ds1(2536)+×B(Ds1(2536)+ →D∗(2007)0K+ +D∗(2010)+K0) ( 4.0 ± 1.0 )× 10−4 1447D0Ds1(2536)+×B(Ds1(2536)+ →D∗(2007)0K+) ( 2.2 ± 0.7 )× 10−4 1447D∗(2007)0Ds1(2536)+×B(Ds1(2536)+ →D∗(2007)0K+) ( 5.5 ± 1.6 )× 10−4 1339D0Ds1(2536)+×B(Ds1(2536)+ → D∗+K0) ( 2.3 ± 1.1 )× 10−4 1447D0DsJ (2700)+×B(DsJ (2700)+ → D0K+) ( 5.6 ± 1.8 )× 10−4 S=1.7 {D∗0Ds1(2536)+, D+s1 →D∗+K0 ( 3.9 ± 2.6 )× 10−4 1339D0DsJ (2573)+, D+
sJ

→ D0K+ ( 8 ±15 )× 10−6 {D∗0DsJ (2573), D+
sJ

→ D0K+
< 2 × 10−4 CL=90% 1306D∗(2007)0DsJ (2573), D+

sJ
→D0K+ < 5 × 10−4 CL=90% 1306D0D∗+s ( 7.6 ± 1.6 )× 10−3 1734D∗(2007)0D+s ( 8.2 ± 1.7 )× 10−3 1737D∗(2007)0D∗+s ( 1.71 ± 0.24 ) % 1651D(∗)+s D∗∗0 ( 2.7 ± 1.2 ) % {D∗(2007)0D∗(2010)+ ( 8.1 ± 1.7 )× 10−4 1713D0D∗(2010)+ + D∗(2007)0D+

< 1.30 % CL=90% 1792D0D∗(2010)+ ( 3.9 ± 0.5 )× 10−4 1792D0D+ ( 3.8 ± 0.4 )× 10−4 1866D0D+K0 ( 1.55 ± 0.21 )× 10−3 1571D+D∗(2007)0 ( 6.3 ± 1.7 )× 10−4 1791D∗(2007)0D+K0 ( 2.1 ± 0.5 )× 10−3 1475D0D∗(2010)+K0 ( 3.8 ± 0.4 )× 10−3 1476
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78787878 Meson Summary TableD∗(2007)0D∗(2010)+K0 ( 9.2 ± 1.2 )× 10−3 1362D0D0K+ ( 1.45 ± 0.33 )× 10−3 S=2.6 1577D∗(2007)0D0K+ ( 2.26 ± 0.23 )× 10−3 1481D0D∗(2007)0K+ ( 6.3 ± 0.5 )× 10−3 1481D∗(2007)0D∗(2007)0K+ ( 1.12 ± 0.13 ) % 1368D−D+K+ ( 2.2 ± 0.7 )× 10−4 1571D−D∗(2010)+K+ ( 6.3 ± 1.1 )× 10−4 1475D∗(2010)−D+K+ ( 6.0 ± 1.3 )× 10−4 1475D∗(2010)−D∗(2010)+K+ ( 1.32 ± 0.18 )× 10−3 1363(D+D∗ )(D+D∗ )K ( 4.05 ± 0.30 ) % {D+s π0 ( 1.6 ± 0.5 )× 10−5 2270D∗+s π0 < 2.6 × 10−4 CL=90% 2215D+s η < 4 × 10−4 CL=90% 2235D∗+s η < 6 × 10−4 CL=90% 2178D+s ρ0 < 3.0 × 10−4 CL=90% 2197D∗+s ρ0 < 4 × 10−4 CL=90% 2138D+s ω < 4 × 10−4 CL=90% 2195D∗+s ω < 6 × 10−4 CL=90% 2136D+s a1(1260)0 < 1.8 × 10−3 CL=90% 2079D∗+s a1(1260)0 < 1.3 × 10−3 CL=90% 2015D+s K+K− ( 7.1 ± 1.1 )× 10−6 2149D+s φ < 4.2 × 10−7 CL=90% 2141D∗+s φ < 1.2 × 10−5 CL=90% 2079D+s K0
< 8 × 10−4 CL=90% 2242D∗+s K0
< 9 × 10−4 CL=90% 2185D+s K∗(892)0 < 4.4 × 10−6 CL=90% 2172D+s K∗0
< 3.5 × 10−6 CL=90% 2172D∗+s K∗(892)0 < 3.5 × 10−4 CL=90% 2112D−s π+K+ ( 1.80 ± 0.22 )× 10−4 2222D∗−s π+K+ ( 1.45 ± 0.24 )× 10−4 2164D−s π+K∗(892)+ < 5 × 10−3 CL=90% 2138D∗−s π+K∗(892)+ < 7 × 10−3 CL=90% 2076D−s K+K+ ( 9.7 ± 2.1 )× 10−6 2149D∗−s K+K+
< 1.5 × 10−5 CL=90% 2088Charmonium modesCharmonium modesCharmonium modesCharmonium modes

η K+ ( 1.09 ± 0.09 )× 10−3 S=1.1 1751
η K+, η → K0S K∓π± ( 2.7 ± 0.6 )× 10−5 {

η K∗(892)+ ( 1.0 + 0.5
− 0.4 )× 10−3 1646

η K+π+π−
< 3.9 × 10−4 CL=90% 1684

η K+ω(782) < 5.3 × 10−4 CL=90% 1475
η K+η < 2.2 × 10−4 CL=90% 1588
η K+π0 < 6.2 × 10−5 CL=90% 1723
η (2S)K+ ( 4.4 ± 1.0 )× 10−4 1320

η (2S)K+, η → pp ( 3.5 ± 0.8 )× 10−8 {
η (2S)K+, η → K0S K∓π± ( 3.4 + 2.3

− 1.6 )× 10−6 {h (1P)K+, h → J/ψπ+π−
< 3.4 × 10−6 CL=90% 1401X (3730)0K+, X 0

→ η η < 4.6 × 10−5 CL=90% {X (3730)0K+, X 0
→ η π0 < 5.7 × 10−6 CL=90% {

χ1(3872)K+
< 2.6 × 10−4 CL=90% 1141

χ1(3872)K+, χ1 → pp < 5 × 10−9 CL=95% {
db2018.pp-ALL.pdf   79 9/14/18   4:35 PM



Meson Summary Table 79797979
χ1(3872)K+, χ1 →J/ψπ+π−

( 8.6 ± 0.8 )× 10−6 1141
χ1(3872)K+, χ1 → J/ψγ ( 2.1 ± 0.4 )× 10−6 S=1.1 1141
χ1(3872)K+, χ1 →

ψ(2S)γ ( 4 ± 4 )× 10−6 S=2.5 1141
χ1(3872)K+, χ1 →J/ψ(1S)η < 7.7 × 10−6 CL=90% 1141
χ1(3872)K+, χ1 → D0D0

< 6.0 × 10−5 CL=90% 1141
χ1(3872)K+, χ1 →D+D−

< 4.0 × 10−5 CL=90% 1141
χ1(3872)K+, χ1 →D0D0π0 ( 1.0 ± 0.4 )× 10−4 1141
χ1(3872)K+, χ1 →D∗0D0 ( 8.5 ± 2.6 )× 10−5 S=1.4 1141
χ1(3872)0K+, χ01 →

η π+π−

< 3.0 × 10−5 CL=90% {
χ1(3872)0K+, χ01 →

η ω(782) < 6.9 × 10−5 CL=90% {
χ1(3872)K+, χ1 →

χ1(1P)π+π−

< 1.5 × 10−6 CL=90% {X (3915)K+
< 2.8 × 10−4 CL=90% 1103X (3915)0K+, X 0

→ η η < 4.7 × 10−5 CL=90% {X (3915)0K+, X 0
→ η π0 < 1.7 × 10−5 CL=90% {X (4014)0K+, X 0
→ η η < 3.9 × 10−5 CL=90% {X (4014)0K+, X 0
→ η π0 < 1.2 × 10−5 CL=90% {Z (3900)0K+, Z0 → η π+π−

< 4.7 × 10−5 CL=90% {X (4020)0K+, X 0
→ η π+π−

< 1.6 × 10−5 CL=90% {
χ1(3872)K∗(892)+, χ1 →J/ψγ

< 4.8 × 10−6 CL=90% 939
χ1(3872)K∗(892)+, χ1 →

ψ(2S)γ < 2.8 × 10−5 CL=90% 939
χ1(3872)+K0, χ+1 →J/ψ(1S)π+π0 [yyy ℄ < 6.1 × 10−6 CL=90% {
χ1(3872)K0π+, χ1 →J/ψ(1S)π+π−

( 1.06 ± 0.31 )× 10−5 {Z (4430)+K0, Z+ → J/ψπ+ < 1.5 × 10−5 CL=95% {Z (4430)+K0, Z+ → ψ(2S)π+ < 4.7 × 10−5 CL=95% {
ψ(4260)0K+, ψ0

→ J/ψπ+π−
< 2.9 × 10−5 CL=95% {X (3915)K+, X → J/ψγ < 1.4 × 10−5 CL=90% {X (3930)0K+, X 0

→ J/ψγ < 2.5 × 10−6 CL=90% {J/ψ(1S)K+ ( 1.010± 0.029)× 10−3 1684J/ψ(1S)K0π+ ( 1.14 ± 0.11 )× 10−3 1651J/ψ(1S)K+π+π− ( 8.1 ± 1.3 )× 10−4 S=2.5 1612J/ψ(1S)K+K−K+ ( 3.37 ± 0.29 )× 10−5 1252X (3915)K+, X → pp < 7.1 × 10−8 CL=95% {J/ψ(1S)K∗(892)+ ( 1.43 ± 0.08 )× 10−3 1571J/ψ(1S)K (1270)+ ( 1.8 ± 0.5 )× 10−3 1390J/ψ(1S)K (1400)+ < 5 × 10−4 CL=90% 1308J/ψ(1S)ηK+ ( 1.24 ± 0.14 )× 10−4 1510
χc1−odd(3872)K+,

χc1−odd → J/ψη
< 3.8 × 10−6 CL=90% {

ψ(4160)K+, ψ → J/ψη < 7.4 × 10−6 CL=90% {J/ψ(1S)η′K+
< 8.8 × 10−5 CL=90% 1273J/ψ(1S)φK+ ( 5.0 ± 0.4 )× 10−5 1227
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80808080 Meson Summary TableJ/ψ(1S)K1(1650), K1 → φK+ ( 6 +10
− 6 )× 10−6 {J/ψ(1S)K∗(1680)+, K∗

→

φK+ ( 3.4 + 1.9
− 2.2 )× 10−6 {J/ψ(1S)K∗2(1980), K∗2 → φK+ ( 1.5 + 0.9
− 0.5 )× 10−6 {J/ψ(1S)K (1830)+,K (1830)+ → φK+ ( 1.3 + 1.3
− 1.1 )× 10−6 {

χ1(4140)K+, χ1 →J/ψ(1S)φ ( 10 ± 4 )× 10−6 {
χ1(4274)K+, χ1 →J/ψ(1S)φ ( 3.6 + 2.2

− 1.8 )× 10−6 {
χ0(4500)K+, χ0 → J/ψ(1S)φ ( 3.3 + 2.1

− 1.7 )× 10−6 {
χ0(4700)K+, χ0 →J/ψ(1S)φ ( 6 + 5

− 4 )× 10−6 {J/ψ(1S)ωK+ ( 3.20 + 0.60
− 0.32 )× 10−4 1388

χ1(3872)K+, χ1 → J/ψω ( 6.0 ± 2.2 )× 10−6 1141X (3915)K+, X → J/ψω ( 3.0 + 0.9
− 0.7 )× 10−5 1103J/ψ(1S)π+ ( 3.88 ± 0.12 )× 10−5 1728J/ψ(1S)π+π+π+π−π− ( 1.17 ± 0.13 )× 10−5 1635

ψ(2S)π+π+π− ( 1.9 ± 0.4 )× 10−5 1304J/ψ(1S)ρ+ ( 5.0 ± 0.8 )× 10−5 1611J/ψ(1S)π+π0 nonresonant < 7.3 × 10−6 CL=90% 1717J/ψ(1S)a1(1260)+ < 1.2 × 10−3 CL=90% 1415J/ψ(1S)ppπ+ < 5.0 × 10−7 CL=90% 643J/ψ(1S)p� ( 1.18 ± 0.31 )× 10−5 567J/ψ(1S)�0p < 1.1 × 10−5 CL=90% {J/ψ(1S)D+
< 1.2 × 10−4 CL=90% 871J/ψ(1S)D0π+ < 2.5 × 10−5 CL=90% 665

ψ(2S)π+ ( 2.44 ± 0.30 )× 10−5 1347
ψ(2S)K+ ( 6.21 ± 0.23 )× 10−4 1284
ψ(2S)K∗(892)+ ( 6.7 ± 1.4 )× 10−4 S=1.3 1115
ψ(2S)K+π+π− ( 4.3 ± 0.5 )× 10−4 1179
ψ(2S)φ(1020)K+ ( 4.0 ± 0.7 )× 10−6 417
ψ(3770)K+ ( 4.9 ± 1.3 )× 10−4 1218

ψ(3770)K+,ψ → D0D0 ( 1.5 ± 0.5 )× 10−4 S=1.4 1218
ψ(3770)K+,ψ → D+D− ( 9.4 ± 3.5 )× 10−5 1218
ψ(3770)K+, ψ → pp < 2 × 10−7 CL=95% {

ψ(4040)K+
< 1.3 × 10−4 CL=90% 1003

ψ(4160)K+ ( 5.1 ± 2.7 )× 10−4 868
ψ(4160)K+, ψ → D0D0 ( 8 ± 5 )× 10−5 {

χ0π+, χ0 → π+π−
< 1 × 10−7 CL=90% 1531

χ0K+ ( 1.49 + 0.15
− 0.14 )× 10−4 1478

χ0K∗(892)+ < 2.1 × 10−4 CL=90% 1341
χ1(1P)π+ ( 2.2 ± 0.5 )× 10−5 1468
χ1(1P)K+ ( 4.84 ± 0.23 )× 10−4 1412
χ1(1P)K∗(892)+ ( 3.0 ± 0.6 )× 10−4 S=1.1 1265
χ1(1P)K0π+ ( 5.8 ± 0.4 )× 10−4 1370
χ1(1P)K+π0 ( 3.29 ± 0.35 )× 10−4 1373
χ1(1P)K+π+π− ( 3.74 ± 0.30 )× 10−4 1319

χ1(2P)K+, χ1(2P) →
π+π−χ1(1P) < 1.1 × 10−5 CL=90% {
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Meson Summary Table 81818181
χ2K+ ( 1.1 ± 0.4 )× 10−5 1379
χ2K∗(892)+ < 1.2 × 10−4 CL=90% 1228
χ2K0π+ ( 1.16 ± 0.25 )× 10−4 1336
χ2K+π0 < 6.2 × 10−5 CL=90% 1339
χ2K+π+π− ( 1.34 ± 0.19 )× 10−4 1284
χ2(3930)π+, χ2 → π+π−

< 1 × 10−7 CL=90% 1437h (1P)K+
< 3.8 × 10−5 CL=90% 1401h (1P)K+, h → pp < 6.4 × 10−8 CL=95% {K or K∗ modesK or K∗ modesK or K∗ modesK or K∗ modesK0π+ ( 2.37 ± 0.08 )× 10−5 2614K+π0 ( 1.29 ± 0.05 )× 10−5 2615

η′K+ ( 7.06 ± 0.25 )× 10−5 2528
η′K∗(892)+ ( 4.8 + 1.8

− 1.6 )× 10−6 2472
η′K∗0(1430)+ ( 5.2 ± 2.1 )× 10−6 {
η′K∗2(1430)+ ( 2.8 ± 0.5 )× 10−5 2346
ηK+ ( 2.4 ± 0.4 )× 10−6 S=1.7 2588
ηK∗(892)+ ( 1.93 ± 0.16 )× 10−5 2534
ηK∗0(1430)+ ( 1.8 ± 0.4 )× 10−5 {
ηK∗2(1430)+ ( 9.1 ± 3.0 )× 10−6 2414
η(1295)K+

× B(η(1295) →
ηππ) ( 2.9 + 0.8

− 0.7 )× 10−6 2455
η(1405)K+

× B(η(1405) →
ηππ) < 1.3 × 10−6 CL=90% 2425

η(1405)K+
× B(η(1405) →K∗K ) < 1.2 × 10−6 CL=90% 2425

η(1475)K+
× B(η(1475) →K∗K ) ( 1.38 + 0.21

− 0.18 )× 10−5 2406f1(1285)K+
< 2.0 × 10−6 CL=90% 2458f1(1420)K+

× B(f1(1420) →
ηππ) < 2.9 × 10−6 CL=90% 2420f1(1420)K+

× B(f1(1420) →K∗K ) < 4.1 × 10−6 CL=90% 2420
φ(1680)K+

× B(φ(1680) →K∗K ) < 3.4 × 10−6 CL=90% 2344f0(1500)K+ ( 3.7 ± 2.2 )× 10−6 2398
ωK+ ( 6.5 ± 0.4 )× 10−6 2558
ωK∗(892)+ < 7.4 × 10−6 CL=90% 2503
ω (Kπ)∗+0 ( 2.8 ± 0.4 )× 10−5 {
ωK∗0(1430)+ ( 2.4 ± 0.5 )× 10−5 {
ωK∗2(1430)+ ( 2.1 ± 0.4 )× 10−5 2380a0(980)+K0

×B(a0(980)+ →

ηπ+) < 3.9 × 10−6 CL=90% {a0(980)0K+
×B(a0(980)0 →

ηπ0) < 2.5 × 10−6 CL=90% {K∗(892)0π+ ( 1.01 ± 0.08 )× 10−5 2562K∗(892)+π0 ( 6.8 ± 0.9 )× 10−6 2563K+π−π+ ( 5.10 ± 0.29 )× 10−5 2609K+π−π+nonresonant ( 1.63 + 0.21
− 0.15 )× 10−5 2609

ω(782)K+ ( 6 ± 9 )× 10−6 2558K+ f0(980)× B(f0(980) →
π+π−) ( 9.4 + 1.0

− 1.2 )× 10−6 2522f2(1270)0K+ ( 1.07 ± 0.27 )× 10−6 {
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82828282 Meson Summary Tablef0(1370)0K+
× B(f0(1370)0 →

π+π−) < 1.07 × 10−5 CL=90% {
ρ0(1450)K+

× B(ρ0(1450) →
π+π−) < 1.17 × 10−5 CL=90% {f ′2(1525)K+

× B(f ′2(1525) →
π+π−) < 3.4 × 10−6 CL=90% 2392K+ρ0 ( 3.7 ± 0.5 )× 10−6 2559K∗0(1430)0π+ ( 3.9 + 0.6

− 0.5 )× 10−5 S=1.4 2445K∗0(1430)+π0 ( 1.19 + 0.20
− 0.23 )× 10−5 {K∗2(1430)0π+ ( 5.6 + 2.2
− 1.5 )× 10−6 2445K∗(1410)0π+ < 4.5 × 10−5 CL=90% 2446K∗(1680)0π+ < 1.2 × 10−5 CL=90% 2358K+π0π0 ( 1.62 ± 0.19 )× 10−5 2610f0(980)K+

× B(f0 → π0π0) ( 2.8 ± 0.8 )× 10−6 2522K−π+π+ < 4.6 × 10−8 CL=90% 2609K−π+π+nonresonant < 5.6 × 10−5 CL=90% 2609K1(1270)0π+ < 4.0 × 10−5 CL=90% 2484K1(1400)0π+ < 3.9 × 10−5 CL=90% 2451K0π+π0 < 6.6 × 10−5 CL=90% 2609K0ρ+ ( 7.3 + 1.0
− 1.2 )× 10−6 2558K∗(892)+π+π− ( 7.5 ± 1.0 )× 10−5 2557K∗(892)+ ρ0 ( 4.6 ± 1.1 )× 10−6 2504K∗(892)+ f0(980) ( 4.2 ± 0.7 )× 10−6 2466a+1 K0 ( 3.5 ± 0.7 )× 10−5 {b+1 K0

× B(b+1 → ωπ+) ( 9.6 ± 1.9 )× 10−6 {K∗(892)0 ρ+ ( 9.2 ± 1.5 )× 10−6 2504K1(1400)+ρ0 < 7.8 × 10−4 CL=90% 2388K∗2(1430)+ρ0 < 1.5 × 10−3 CL=90% 2381b01K+
× B(b01 → ωπ0) ( 9.1 ± 2.0 )× 10−6 {b+1 K∗0
× B(b+1 → ωπ+) < 5.9 × 10−6 CL=90% {b01K∗+
× B(b01 → ωπ0) < 6.7 × 10−6 CL=90% {K+K0 ( 1.31 ± 0.17 )× 10−6 S=1.2 2593K0K+π0 < 2.4 × 10−5 CL=90% 2578K+K0S K0S ( 1.08 ± 0.06 )× 10−5 2521f0(980)K+, f0 → K0S K0S ( 1.47 ± 0.33 )× 10−5 {f0(1710)K+, f0 → K0S K0S ( 4.8 + 4.0

− 2.6 )× 10−7 {K+K0S K0S nonresonant ( 2.0 ± 0.4 )× 10−5 2521K0S K0S π+ < 5.1 × 10−7 CL=90% 2577K+K−π+ ( 5.2 ± 0.4 )× 10−6 2578K+K−π+nonresonant < 7.5 × 10−5 CL=90% 2578K+K∗(892)0 < 1.1 × 10−6 CL=90% 2540K+K∗0(1430)0 < 2.2 × 10−6 CL=90% 2421K+K+π−
< 1.1 × 10−8 CL=90% 2578K+K+π− nonresonant < 8.79 × 10−5 CL=90% 2578f ′2(1525)K+ ( 1.8 ± 0.5 )× 10−6 S=1.1 2392K∗+π+K−
< 1.18 × 10−5 CL=90% 2524K∗(892)+K∗(892)0 ( 9.1 ± 2.9 )× 10−7 2484K∗+K+π−
< 6.1 × 10−6 CL=90% 2524K+K−K+ ( 3.40 ± 0.14 )× 10−5 S=1.4 2523K+φ ( 8.8 + 0.7

− 0.6 )× 10−6 S=1.1 2516
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Meson Summary Table 83838383f0(980)K+
× B(f0(980) →K+K−) ( 9.4 ± 3.2 )× 10−6 2522a2(1320)K+
× B(a2(1320) →K+K−) < 1.1 × 10−6 CL=90% 2449X0(1550)K+
× B(X0(1550) →K+K−) ( 4.3 ± 0.7 )× 10−6 {

φ(1680)K+
× B(φ(1680) →K+K−) < 8 × 10−7 CL=90% 2344f0(1710)K+
× B(f0(1710) →K+K−) ( 1.1 ± 0.6 )× 10−6 2330K+K−K+nonresonant ( 2.38 + 0.28

− 0.50 )× 10−5 2523K∗(892)+K+K− ( 3.6 ± 0.5 )× 10−5 2466K∗(892)+φ ( 10.0 ± 2.0 )× 10−6 S=1.7 2460
φ(Kπ)∗+0 ( 8.3 ± 1.6 )× 10−6 {
φK1(1270)+ ( 6.1 ± 1.9 )× 10−6 2375
φK1(1400)+ < 3.2 × 10−6 CL=90% 2339
φK∗(1410)+ < 4.3 × 10−6 CL=90% {
φK∗0(1430)+ ( 7.0 ± 1.6 )× 10−6 {
φK∗2(1430)+ ( 8.4 ± 2.1 )× 10−6 2333
φK∗2(1770)+ < 1.50 × 10−5 CL=90% {
φK∗2(1820)+ < 1.63 × 10−5 CL=90% {a+1 K∗0

< 3.6 × 10−6 CL=90% {K+φφ ( 5.0 ± 1.2 )× 10−6 S=2.3 2306
η′ η′K+

< 2.5 × 10−5 CL=90% 2338
ωφK+

< 1.9 × 10−6 CL=90% 2374X (1812)K+
× B(X → ωφ) < 3.2 × 10−7 CL=90% {K∗(892)+γ ( 3.92 ± 0.22 )× 10−5 S=1.7 2564K1(1270)+γ ( 4.4 + 0.7

− 0.6 )× 10−5 2486
ηK+γ ( 7.9 ± 0.9 )× 10−6 2588
η′K+γ ( 2.9 + 1.0

− 0.9 )× 10−6 2528
φK+ γ ( 2.7 ± 0.4 )× 10−6 S=1.2 2516K+π−π+γ ( 2.58 ± 0.15 )× 10−5 S=1.3 2609K∗(892)0π+ γ ( 2.33 ± 0.12 )× 10−5 2562K+ρ0 γ ( 8.2 ± 0.9 )× 10−6 2559(K+π−)NRπ+ γ ( 9.9 + 1.7

− 2.0 )× 10−6 2609K0π+π0 γ ( 4.6 ± 0.5 )× 10−5 2609K1(1400)+γ ( 10 + 5
− 4 )× 10−6 2453K∗(1410)+γ ( 2.7 + 0.8
− 0.6 )× 10−5 {K∗0(1430)0π+γ ( 1.32 + 0.26
− 0.32 )× 10−6 2445K∗2(1430)+γ ( 1.4 ± 0.4 )× 10−5 2447K∗(1680)+γ ( 6.7 + 1.7
− 1.4 )× 10−5 2360K∗3(1780)+γ < 3.9 × 10−5 CL=90% 2341K∗4(2045)+γ < 9.9 × 10−3 CL=90% 2244Light unavored meson modesLight unavored meson modesLight unavored meson modesLight unavored meson modes

ρ+γ ( 9.8 ± 2.5 )× 10−7 2583
π+π0 ( 5.5 ± 0.4 )× 10−6 S=1.2 2636
π+π+π− ( 1.52 ± 0.14 )× 10−5 2630

ρ0π+ ( 8.3 ± 1.2 )× 10−6 2581
π+ f0(980), f0 → π+π−

< 1.5 × 10−6 CL=90% 2545
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84848484 Meson Summary Table
π+ f2(1270) ( 1.6 + 0.7

− 0.4 )× 10−6 2484
ρ(1450)0π+, ρ0 → π+π− ( 1.4 + 0.6

− 0.9 )× 10−6 2434f0(1370)π+, f0 → π+π−
< 4.0 × 10−6 CL=90% 2460f0(500)π+, f0 → π+π−
< 4.1 × 10−6 CL=90% {

π+π−π+nonresonant ( 5.3 + 1.5
− 1.1 )× 10−6 2630

π+π0π0 < 8.9 × 10−4 CL=90% 2631
ρ+π0 ( 1.09 ± 0.14 )× 10−5 2581

π+π−π+π0 < 4.0 × 10−3 CL=90% 2622
ρ+ρ0 ( 2.40 ± 0.19 )× 10−5 2523
ρ+ f0(980), f0 → π+π−

< 2.0 × 10−6 CL=90% 2486a1(1260)+π0 ( 2.6 ± 0.7 )× 10−5 2494a1(1260)0π+ ( 2.0 ± 0.6 )× 10−5 2494
ωπ+ ( 6.9 ± 0.5 )× 10−6 2580
ωρ+ ( 1.59 ± 0.21 )× 10−5 2522
ηπ+ ( 4.02 ± 0.27 )× 10−6 2609
ηρ+ ( 7.0 ± 2.9 )× 10−6 S=2.8 2553
η′π+ ( 2.7 ± 0.9 )× 10−6 S=1.9 2551
η′ρ+ ( 9.7 ± 2.2 )× 10−6 2492
φπ+ < 1.5 × 10−7 CL=90% 2539
φρ+ < 3.0 × 10−6 CL=90% 2480a0(980)0π+, a00 → ηπ0 < 5.8 × 10−6 CL=90% {a0(980)+π0, a+0 → ηπ+ < 1.4 × 10−6 CL=90% {
π+π+π+π−π−

< 8.6 × 10−4 CL=90% 2608
ρ0 a1(1260)+ < 6.2 × 10−4 CL=90% 2433
ρ0 a2(1320)+ < 7.2 × 10−4 CL=90% 2410b01π+, b01 → ωπ0 ( 6.7 ± 2.0 )× 10−6 {b+1 π0, b+1 → ωπ+ < 3.3 × 10−6 CL=90% {

π+π+π+π−π−π0 < 6.3 × 10−3 CL=90% 2592b+1 ρ0, b+1 → ωπ+ < 5.2 × 10−6 CL=90% {a1(1260)+a1(1260)0 < 1.3 % CL=90% 2336b01 ρ+, b01 → ωπ0 < 3.3 × 10−6 CL=90% {Charged partile (h±) modesCharged partile (h±) modesCharged partile (h±) modesCharged partile (h±) modesh± = K± or π±h+π0 ( 1.6 + 0.7
− 0.6 )× 10−5 2636

ωh+ ( 1.38 + 0.27
− 0.24 )× 10−5 2580h+X 0 (Familon) < 4.9 × 10−5 CL=90% {K+X 0, X 0

→ µ+µ−
< 1 × 10−7 CL=95% {Baryon modesBaryon modesBaryon modesBaryon modesppπ+ ( 1.62 ± 0.20 )× 10−6 2439ppπ+nonresonant < 5.3 × 10−5 CL=90% 2439ppK+ ( 5.9 ± 0.5 )× 10−6 S=1.5 2348�(1710)++p, �++

→ pK+ [zzz ℄ < 9.1 × 10−8 CL=90% {fJ (2220)K+, fJ → pp [zzz ℄ < 4.1 × 10−7 CL=90% 2135p�(1520) ( 3.1 ± 0.6 )× 10−7 2322ppK+nonresonant < 8.9 × 10−5 CL=90% 2348ppK∗(892)+ ( 3.6 + 0.8
− 0.7 )× 10−6 2215fJ (2220)K∗+, fJ → pp < 7.7 × 10−7 CL=90% 2059p� ( 2.4 + 1.0
− 0.9 )× 10−7 2430
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Meson Summary Table 85858585p�γ ( 2.4 + 0.5
− 0.4 )× 10−6 2430p�π0 ( 3.0 + 0.7
− 0.6 )× 10−6 2402p� (1385)0 < 4.7 × 10−7 CL=90% 2362�+� < 8.2 × 10−7 CL=90% {p� γ < 4.6 × 10−6 CL=90% 2413p�π+π− ( 5.9 ± 1.1 )× 10−6 2367p�ρ0 ( 4.8 ± 0.9 )× 10−6 2214p�f2(1270) ( 2.0 ± 0.8 )× 10−6 2026��π+ < 9.4 × 10−7 CL=90% 2358��K+ ( 3.4 ± 0.6 )× 10−6 2251��K∗+ ( 2.2 + 1.2
− 0.9 )× 10−6 2098�0 p < 1.38 × 10−6 CL=90% 2403�++p < 1.4 × 10−7 CL=90% 2403D+pp < 1.5 × 10−5 CL=90% 1860D∗(2010)+pp < 1.5 × 10−5 CL=90% 1786D0 ppπ+ ( 3.72 ± 0.27 )× 10−4 1789D∗0ppπ+ ( 3.73 ± 0.32 )× 10−4 1709D− ppπ+π− ( 1.66 ± 0.30 )× 10−4 1705D∗−ppπ+π− ( 1.86 ± 0.25 )× 10−4 1621p�0D0 ( 1.43 ± 0.32 )× 10−5 {p�0D∗(2007)0 < 5 × 10−5 CL=90% {�− pπ+ ( 2.3 ± 0.4 )× 10−4 S=2.2 1980�− �(1232)++ < 1.9 × 10−5 CL=90% 1928�− �X (1600)++ ( 4.7 ± 1.0 )× 10−5 {�− �X (2420)++ ( 3.8 ± 0.9 )× 10−5 {(�− p)sπ+ [aaaa℄ ( 3.1 ± 0.7 )× 10−5 {�  (2520)0 p < 3 × 10−6 CL=90% 1904�  (2800)0 p ( 2.7 ± 0.9 )× 10−5 {�− pπ+π0 ( 1.8 ± 0.6 )× 10−3 1935�− pπ+π+π− ( 2.2 ± 0.7 )× 10−3 1880�− pπ+π+π−π0 < 1.34 % CL=90% 1823�+ �− K+ ( 7.0 ± 2.2 )× 10−4 {�  (2455)0 p ( 3.0 ± 0.7 )× 10−5 1938�  (2455)0 pπ0 ( 3.5 ± 1.1 )× 10−4 1896�  (2455)0 pπ−π+ ( 3.5 ± 1.1 )× 10−4 1845�  (2455)−− pπ+π+ ( 2.39 ± 0.20 )× 10−4 1845� (2593)− /� (2625)− pπ+ < 1.9 × 10−4 CL=90% {� 0 �+ , � 0 → �+π− ( 2.4 ± 0.9 )× 10−5 S=1.4 1144� 0 �+ , � 0 → �K+π− ( 2.1 ± 0.9 )× 10−5 S=1.5 1144Lepton Family number (LF ) or Lepton number (L) or Baryon number (B)Lepton Family number (LF ) or Lepton number (L) or Baryon number (B)Lepton Family number (LF ) or Lepton number (L) or Baryon number (B)Lepton Family number (LF ) or Lepton number (L) or Baryon number (B)violating modes, or/and �B = 1 weak neutral urrent (B1) modesviolating modes, or/and �B = 1 weak neutral urrent (B1) modesviolating modes, or/and �B = 1 weak neutral urrent (B1) modesviolating modes, or/and �B = 1 weak neutral urrent (B1) modes

π+ ℓ+ ℓ− B1 < 4.9 × 10−8 CL=90% 2638
π+ e+ e− B1 < 8.0 × 10−8 CL=90% 2638
π+µ+µ− B1 ( 1.76 ± 0.23 )× 10−8 2634

π+ ν ν B1 < 1.4 × 10−5 CL=90% 2638K+ ℓ+ ℓ− B1 [sss℄ ( 4.51 ± 0.23 )× 10−7 S=1.1 2617K+ e+ e− B1 ( 5.5 ± 0.7 )× 10−7 2617K+µ+µ− B1 ( 4.41 ± 0.23 )× 10−7 S=1.2 2612K+µ+µ− nonresonant B1 ( 4.37 ± 0.27 )× 10−7 2612K+ τ+ τ− B1 < 2.25 × 10−3 CL=90% 1687K+ν ν B1 < 1.6 × 10−5 CL=90% 2617
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86868686 Meson Summary Table
ρ+ν ν B1 < 3.0 × 10−5 CL=90% 2583K∗(892)+ ℓ+ ℓ− B1 [sss℄ ( 1.01 ± 0.11 )× 10−6 S=1.1 2564K∗(892)+ e+ e− B1 ( 1.55 + 0.40

− 0.31 )× 10−6 2564K∗(892)+µ+µ− B1 ( 9.6 ± 1.0 )× 10−7 2560K∗(892)+ ν ν B1 < 4.0 × 10−5 CL=90% 2564K+π+π−µ+µ− B1 ( 4.3 ± 0.4 )× 10−7 2593
φK+µ+µ− B1 ( 7.9 + 2.1

− 1.7 )× 10−8 2490
π+ e+µ− LF < 6.4 × 10−3 CL=90% 2637
π+ e−µ+ LF < 6.4 × 10−3 CL=90% 2637
π+ e±µ∓ LF < 1.7 × 10−7 CL=90% 2637
π+ e+ τ− LF < 7.4 × 10−5 CL=90% 2338
π+ e− τ+ LF < 2.0 × 10−5 CL=90% 2338
π+ e± τ∓ LF < 7.5 × 10−5 CL=90% 2338
π+µ+ τ− LF < 6.2 × 10−5 CL=90% 2333
π+µ− τ+ LF < 4.5 × 10−5 CL=90% 2333
π+µ± τ∓ LF < 7.2 × 10−5 CL=90% 2333K+ e+µ− LF < 9.1 × 10−8 CL=90% 2615K+ e−µ+ LF < 1.3 × 10−7 CL=90% 2615K+ e±µ∓ LF < 9.1 × 10−8 CL=90% 2615K+ e+ τ− LF < 4.3 × 10−5 CL=90% 2312K+ e− τ+ LF < 1.5 × 10−5 CL=90% 2312K+ e± τ∓ LF < 3.0 × 10−5 CL=90% 2312K+µ+ τ− LF < 4.5 × 10−5 CL=90% 2298K+µ− τ+ LF < 2.8 × 10−5 CL=90% 2298K+µ± τ∓ LF < 4.8 × 10−5 CL=90% 2298K∗(892)+ e+µ− LF < 1.3 × 10−6 CL=90% 2563K∗(892)+ e−µ+ LF < 9.9 × 10−7 CL=90% 2563K∗(892)+ e±µ∓ LF < 1.4 × 10−6 CL=90% 2563
π− e+ e+ L < 2.3 × 10−8 CL=90% 2638
π−µ+µ+ L < 4.0 × 10−9 CL=95% 2634
π− e+µ+ L < 1.5 × 10−7 CL=90% 2637
ρ− e+ e+ L < 1.7 × 10−7 CL=90% 2583
ρ−µ+µ+ L < 4.2 × 10−7 CL=90% 2578
ρ− e+µ+ L < 4.7 × 10−7 CL=90% 2582K− e+ e+ L < 3.0 × 10−8 CL=90% 2617K−µ+µ+ L < 4.1 × 10−8 CL=90% 2612K− e+µ+ L < 1.6 × 10−7 CL=90% 2615K∗(892)− e+ e+ L < 4.0 × 10−7 CL=90% 2564K∗(892)−µ+µ+ L < 5.9 × 10−7 CL=90% 2560K∗(892)− e+µ+ L < 3.0 × 10−7 CL=90% 2563D− e+ e+ L < 2.6 × 10−6 CL=90% 2309D− e+µ+ L < 1.8 × 10−6 CL=90% 2307D−µ+µ+ L < 6.9 × 10−7 CL=95% 2303D∗−µ+µ+ L < 2.4 × 10−6 CL=95% 2251D−s µ+µ+ L < 5.8 × 10−7 CL=95% 2267D0π−µ+µ+ L < 1.5 × 10−6 CL=95% 2295�0µ+ L,B < 6 × 10−8 CL=90% {�0 e+ L,B < 3.2 × 10−8 CL=90% {�0µ+ L,B < 6 × 10−8 CL=90% {�0 e+ L,B < 8 × 10−8 CL=90% {See Partile Listings for 15 deay modes that have been seen / not seen.
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Meson Summary Table 87878787B0B0B0B0 I (JP ) = 12 (0−)I , J , P need on�rmation. Quantum numbers shown are quark-modelpreditions.Mass mB0 = 5279.63 ± 0.15 MeV (S = 1.1)mB0 − mB±
= 0.31 ± 0.06 MeVMean life τB0 = (1.520 ± 0.004)× 10−12 sτ = 455.7 µm

τB+/τB0 = 1.076 ± 0.004 (diret measurements)B0-B0 mixing parametersB0-B0 mixing parametersB0-B0 mixing parametersB0-B0 mixing parameters
χd = 0.1860 ± 0.0011�mB0 = mB0H − mB0L = (0.5064 ± 0.0019)× 1012 �h s−1= (3.333 ± 0.013)× 10−10 MeVxd = �mB0/�B0 = 0.770 ± 0.004Re(λCP /

∣

∣λCP

∣

∣

) Re(z) = 0.047 ± 0.022�� Re(z) = −0.007 ± 0.004Re(z) = (−4 ± 4)× 10−2 (S = 1.4)Im(z) = (−0.8 ± 0.4)× 10−2CP violation parametersCP violation parametersCP violation parametersCP violation parametersRe(ǫB0)/(1+∣

∣ǫB0 ∣∣2) = (−0.5 ± 0.4)× 10−3AT/CP (B0
↔ B0) = 0.005 ± 0.018ACP (B0

→ D∗(2010)+D−) = 0.037 ± 0.034ACP (B0
→ [K+π− ℄DK∗(892)0) = −0.03 ± 0.04R+d = �(B0

→ [π+K− ℄DK∗0) / �(B0
→ [π−K+ ℄DK∗0) =0.06 ± 0.032R−d = �(B0

→ [π−K+ ℄DK∗0) / �(B0
→ [π+K− ℄DK∗0) =0.06 ± 0.032ACP (B0

→ K+π−)ACP (B0
→ K+π−)ACP (B0
→ K+π−)ACP (B0
→ K+π−) = −0.082 ± 0.006ACP (B0
→ η′K∗(892)0) = −0.07 ± 0.18ACP (B0
→ η′K∗0(1430)0) = −0.19 ± 0.17ACP (B0
→ η′K∗2(1430)0) = 0.14 ± 0.18ACP (B0
→ ηK∗(892)0)ACP (B0
→ ηK∗(892)0)ACP (B0
→ ηK∗(892)0)ACP (B0
→ ηK∗(892)0) = 0.19 ± 0.05ACP (B0
→ ηK∗0(1430)0) = 0.06 ± 0.13ACP (B0
→ ηK∗2(1430)0) = −0.07 ± 0.19ACP (B0
→ b1K+) = −0.07 ± 0.12ACP (B0
→ ωK∗0) = 0.45 ± 0.25ACP (B0
→ ω (Kπ)∗00 ) = −0.07 ± 0.09ACP (B0
→ ωK∗2(1430)0) = −0.37 ± 0.17ACP (B0
→ K+π−π0) = (0 ± 6)× 10−2ACP (B0
→ ρ−K+) = 0.20 ± 0.11ACP (B0
→ ρ(1450)−K+) = −0.10 ± 0.33ACP (B0
→ ρ(1700)−K+) = −0.4 ± 0.6ACP (B0
→ K+π−π0 nonresonant) = 0.10 ± 0.18ACP (B0
→ K0π+π−) = −0.01 ± 0.05ACP (B0
→ K∗(892)+π−)ACP (B0
→ K∗(892)+π−)ACP (B0
→ K∗(892)+π−)ACP (B0
→ K∗(892)+π−) = −0.22 ± 0.06ACP (B0
→ (Kπ)∗+0 π−) = 0.09 ± 0.07ACP (B0
→ (Kπ)∗00 π0) = −0.15 ± 0.11ACP (B0
→ K∗0π0) = −0.15 ± 0.13ACP (B0
→ K∗(892)0π+π−) = 0.07 ± 0.05
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88888888 Meson Summary TableACP (B0
→ K∗(892)0 ρ0) = −0.06 ± 0.09ACP (B0
→ K∗0 f0(980)) = 0.07 ± 0.10ACP (B0
→ K∗+ρ−) = 0.21 ± 0.15ACP (B0
→ K∗(892)0K+K−) = 0.01 ± 0.05ACP (B0
→ a−1 K+) = −0.16 ± 0.12ACP (B0
→ K0K0) = −0.6 ± 0.7ACP (B0
→ K∗(892)0φ) = 0.00 ± 0.04ACP (B0
→ K∗(892)0K−π+) = 0.2 ± 0.4ACP (B0
→ φ(K π)∗00 ) = 0.12 ± 0.08ACP (B0
→ φK∗2(1430)0) = −0.11 ± 0.10ACP (B0
→ K∗(892)0 γ) = −0.006 ± 0.011ACP (B0
→ K∗2(1430)0 γ) = −0.08 ± 0.15ACP (B0
→ ρ+π−) = 0.13 ± 0.06 (S = 1.1)ACP (B0
→ ρ−π+) = −0.08 ± 0.08ACP (B0
→ a1(1260)±π∓) = −0.07 ± 0.06ACP (B0
→ b−1 π+) = −0.05 ± 0.10ACP (B0
→ ppK∗(892)0) = 0.05 ± 0.12ACP (B0
→ p�π−) = 0.04 ± 0.07ACP (B0
→ K∗0 ℓ+ ℓ−) = −0.05 ± 0.10ACP (B0
→ K∗0 e+ e−) = −0.21 ± 0.19ACP (B0
→ K∗0µ+µ−) = −0.034 ± 0.024CD∗−D+ (B0

→ D∗(2010)−D+) = −0.01 ± 0.11SD∗−D+ (B0
→ D∗(2010)−D+)SD∗−D+ (B0
→ D∗(2010)−D+)SD∗−D+ (B0
→ D∗(2010)−D+)SD∗−D+ (B0
→ D∗(2010)−D+) = −0.72 ± 0.15CD∗+D−

(B0
→ D∗(2010)+D−) = 0.00 ± 0.13 (S = 1.3)SD∗+D−

(B0
→ D∗(2010)+D−)SD∗+D−

(B0
→ D∗(2010)+D−)SD∗+D−

(B0
→ D∗(2010)+D−)SD∗+D−

(B0
→ D∗(2010)+D−) = −0.73 ± 0.14CD∗+D∗−

(B0
→ D∗+D∗−) = 0.01 ± 0.09 (S = 1.6)SD∗+D∗−

(B0
→ D∗+D∗−)SD∗+D∗−

(B0
→ D∗+D∗−)SD∗+D∗−

(B0
→ D∗+D∗−)SD∗+D∗−

(B0
→ D∗+D∗−) = −0.59 ± 0.14 (S = 1.8)C+ (B0

→ D∗+D∗−) = 0.00 ± 0.10 (S = 1.6)S+ (B0
→ D∗+D∗−)S+ (B0
→ D∗+D∗−)S+ (B0
→ D∗+D∗−)S+ (B0
→ D∗+D∗−) = −0.73 ± 0.09C− (B0
→ D∗+D∗−) = 0.19 ± 0.31S− (B0
→ D∗+D∗−) = 0.1 ± 1.6 (S = 3.5)C (B0

→ D∗(2010)+D∗(2010)−K0S) = 0.01 ± 0.29S (B0
→ D∗(2010)+D∗(2010)−K0S) = 0.1 ± 0.4CD+D−
(B0

→ D+D−) = −0.22 ± 0.24 (S = 2.5)SD+D−
(B0

→ D+D−)SD+D−
(B0

→ D+D−)SD+D−
(B0

→ D+D−)SD+D−
(B0

→ D+D−) = −0.76+0.15
−0.13 (S = 1.2)CJ/ψ(1S)π0 (B0

→ J/ψ(1S)π0) = −0.13 ± 0.13SJ/ψ(1S)π0 (B0
→ J/ψ(1S)π0)SJ/ψ(1S)π0 (B0
→ J/ψ(1S)π0)SJ/ψ(1S)π0 (B0
→ J/ψ(1S)π0)SJ/ψ(1S)π0 (B0
→ J/ψ(1S)π0) = −0.94 ± 0.29 (S = 1.9)C(B0

→ J/ψ(1S)ρ0) = −0.06 ± 0.06S(B0
→ J/ψ(1S)ρ0)S(B0
→ J/ψ(1S)ρ0)S(B0
→ J/ψ(1S)ρ0)S(B0
→ J/ψ(1S)ρ0) = −0.66+0.16

−0.12CD(∗)
CP

h0 (B0
→ D(∗)

CP
h0) = −0.02 ± 0.08SD(∗)

CP
h0 (B0

→ D(∗)
CP

h0)SD(∗)
CP

h0 (B0
→ D(∗)

CP
h0)SD(∗)

CP
h0 (B0

→ D(∗)
CP

h0)SD(∗)
CP

h0 (B0
→ D(∗)

CP
h0) = −0.66 ± 0.12CK0π0 (B0

→ K0π0) = 0.00 ± 0.13 (S = 1.4)SK0π0 (B0
→ K0π0)SK0π0 (B0
→ K0π0)SK0π0 (B0
→ K0π0)SK0π0 (B0
→ K0π0) = 0.58 ± 0.17C

η′(958)K0S (B0
→ η′(958)K0S ) = −0.04 ± 0.20 (S = 2.5)S

η′(958)K0S (B0
→ η′(958)K0S) = 0.43 ± 0.17 (S = 1.5)C

η′K0 (B0
→ η′K0) = −0.06 ± 0.04S

η′K0 (B0
→ η′K0)S

η′K0 (B0
→ η′K0)S

η′K0 (B0
→ η′K0)S

η′K0 (B0
→ η′K0) = 0.63 ± 0.06
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Meson Summary Table 89898989C
ωK0S (B0

→ ωK0S ) = 0.0 ± 0.4 (S = 3.0)S
ωK0S (B0

→ ωK0S ) = 0.70 ± 0.21C (B0
→ K0S π0π0) = 0.2 ± 0.5S (B0
→ K0S π0π0) = 0.7 ± 0.7C

ρ0K0S (B0
→ ρ0K0S ) = −0.04 ± 0.20S

ρ0K0S (B0
→ ρ0K0S ) = 0.50+0.17

−0.21Cf0K0S (B0
→ f0(980)K0S ) = 0.29 ± 0.20Sf0K0S (B0
→ f0(980)K0S )Sf0K0S (B0
→ f0(980)K0S )Sf0K0S (B0
→ f0(980)K0S )Sf0K0S (B0
→ f0(980)K0S ) = −0.50 ± 0.16Sf2K0S (B0
→ f2(1270)K0S ) = −0.5 ± 0.5Cf2K0S (B0
→ f2(1270)K0S ) = 0.3 ± 0.4Sfx K0S (B0
→ fx (1300)K0S ) = −0.2 ± 0.5Cfx K0S (B0
→ fx (1300)K0S ) = 0.13 ± 0.35SK0π+π−

(B0
→ K0π+π− nonresonant) = −0.01 ± 0.33CK0π+π−

(B0
→ K0π+π− nonresonant) = 0.01 ± 0.26CK0S K0S (B0

→ K0S K0S) = 0.0 ± 0.4 (S = 1.4)SK0S K0S (B0
→ K0S K0S ) = −0.8 ± 0.5CK+K−K0S (B0

→ K+K−K0S nonresonant) = 0.06 ± 0.08SK+K−K0S (B0
→ K+K−K0S nonresonant)SK+K−K0S (B0
→ K+K−K0S nonresonant)SK+K−K0S (B0
→ K+K−K0S nonresonant)SK+K−K0S (B0
→ K+K−K0S nonresonant) = −0.66 ± 0.11CK+K−K0S (B0
→ K+K−K0S inlusive) = 0.01 ± 0.09SK+K−K0S (B0
→ K+K−K0S inlusive)SK+K−K0S (B0
→ K+K−K0S inlusive)SK+K−K0S (B0
→ K+K−K0S inlusive)SK+K−K0S (B0
→ K+K−K0S inlusive) = −0.65 ± 0.12C

φK0S (B0
→ φK0S ) = 0.01 ± 0.14S

φK0S (B0
→ φK0S )S

φK0S (B0
→ φK0S )S

φK0S (B0
→ φK0S )S

φK0S (B0
→ φK0S ) = 0.59 ± 0.14CKS KS KS (B0

→ KS KS KS ) = −0.23 ± 0.14SKS KS KS (B0
→ KS KS KS ) = −0.5 ± 0.6 (S = 3.0)CK0S π0 γ

(B0
→ K0S π0 γ) = 0.36 ± 0.33SK0S π0 γ

(B0
→ K0S π0 γ) = −0.8 ± 0.6CK0S π+π− γ
(B0

→ K0S π+π− γ) = −0.39 ± 0.20SK0S π+π− γ
(B0

→ K0S π+π− γ) = 0.14 ± 0.25CK∗0 γ
(B0

→ K∗(892)0γ) = −0.04 ± 0.16 (S = 1.2)SK∗0 γ
(B0

→ K∗(892)0γ) = −0.15 ± 0.22C
ηK0 γ

(B0
→ ηK0 γ) = −0.3 ± 0.4S

ηK0 γ
(B0

→ ηK0 γ) = −0.2 ± 0.5CK0φγ
(B0

→ K0φγ) = −0.3 ± 0.6SK0φγ
(B0

→ K0φγ) = 0.7+0.7
−1.1C(B0

→ K0S ρ0γ) = −0.05 ± 0.19S(B0
→ K0S ρ0 γ) = −0.04 ± 0.23C (B0
→ ρ0 γ) = 0.4 ± 0.5S (B0
→ ρ0 γ) = −0.8 ± 0.7Cππ (B0

→ π+π−)Cππ (B0
→ π+π−)Cππ (B0
→ π+π−)Cππ (B0
→ π+π−) = −0.31 ± 0.05Sππ (B0
→ π+π−)Sππ (B0
→ π+π−)Sππ (B0
→ π+π−)Sππ (B0
→ π+π−) = −0.67 ± 0.06C

π0π0(B0
→ π0π0) = −0.33 ± 0.22Cρπ (B0

→ ρ+π−) = −0.03 ± 0.07 (S = 1.2)
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90909090 Meson Summary TableSρπ (B0
→ ρ+π−) = 0.05 ± 0.07�Cρπ (B0
→ ρ+π−)�Cρπ (B0
→ ρ+π−)�Cρπ (B0
→ ρ+π−)�Cρπ (B0
→ ρ+π−) = 0.27 ± 0.06�Sρπ (B0
→ ρ+π−) = 0.01 ± 0.08C

ρ0π0 (B0
→ ρ0π0) = 0.27 ± 0.24S

ρ0π0 (B0
→ ρ0π0) = −0.23 ± 0.34Ca1π (B0
→ a1(1260)+π−) = −0.05 ± 0.11Sa1π (B0
→ a1(1260)+π−) = −0.2 ± 0.4 (S = 3.2)�Ca1π (B0
→ a1(1260)+π−)�Ca1π (B0
→ a1(1260)+π−)�Ca1π (B0
→ a1(1260)+π−)�Ca1π (B0
→ a1(1260)+π−) = 0.43 ± 0.14 (S = 1.3)�Sa1π (B0
→ a1(1260)+π−) = −0.11 ± 0.12C (B0

→ b−1 K+) = −0.22 ± 0.24�C (B0
→ b−1 π+)�C (B0
→ b−1 π+)�C (B0
→ b−1 π+)�C (B0
→ b−1 π+) = −1.04 ± 0.24C

ρ0ρ0 (B0
→ ρ0 ρ0) = 0.2 ± 0.9S

ρ0ρ0 (B0
→ ρ0 ρ0) = 0.3 ± 0.7Cρρ (B0

→ ρ+ρ−) = 0.00 ± 0.09Sρρ (B0
→ ρ+ρ−) = −0.14 ± 0.13

∣

∣λ
∣

∣ (B0
→ J/ψK∗(892)0) < 0.25, CL = 95%os 2β (B0

→ J/ψK∗(892)0) = 1.7+0.7
−0.9 (S = 1.6)os 2β (B0

→ [K0S π+π− ℄D(∗) h0) = 0.84 ± 0.31(S+ + S−)/2 (B0
→ D∗−π+) = −0.039 ± 0.011(S− − S+)/2 (B0
→ D∗−π+) = −0.009 ± 0.015(S+ + S−)/2 (B0
→ D−π+) = −0.046 ± 0.023(S− − S+)/2 (B0
→ D−π+) = −0.022 ± 0.021(S+ + S−)/2 (B0
→ D− ρ+) = −0.024 ± 0.032(S− − S+)/2 (B0
→ D− ρ+) = −0.10 ± 0.06C

η K0S (B0
→ η K0S ) = 0.08 ± 0.13S

η K0S (B0
→ η K0S )S

η K0S (B0
→ η K0S )S

η K0S (B0
→ η K0S )S

η K0S (B0
→ η K0S ) = 0.93 ± 0.17C  K (∗)0 (B0
→   K (∗)0) = (0.5 ± 1.7)× 10−2sin(2β)sin(2β)sin(2β)sin(2β) = 0.699 ± 0.017CJ/ψ(nS)K0 (B0

→ J/ψ(nS)K0) = (0.5 ± 2.0)× 10−2SJ/ψ(nS)K0 (B0
→ J/ψ(nS)K0)SJ/ψ(nS)K0 (B0
→ J/ψ(nS)K0)SJ/ψ(nS)K0 (B0
→ J/ψ(nS)K0)SJ/ψ(nS)K0 (B0
→ J/ψ(nS)K0) = 0.701 ± 0.017CJ/ψK∗0 (B0

→ J/ψK∗0) = 0.03 ± 0.10SJ/ψK∗0 (B0
→ J/ψK∗0) = 0.60 ± 0.25C

χ0K0S (B0
→ χ0K0S ) = −0.3+0.5

−0.4S
χ0K0S (B0

→ χ0K0S ) = −0.7 ± 0.5C
χ1K0S (B0

→ χ1K0S ) = 0.06 ± 0.07S
χ1K0S (B0

→ χ1K0S )S
χ1K0S (B0

→ χ1K0S )S
χ1K0S (B0

→ χ1K0S )S
χ1K0S (B0

→ χ1K0S ) = 0.63 ± 0.10sin(2βe�)(B0
→ φK0) = 0.22 ± 0.30sin(2βe�)(B0
→ φK∗0 (1430)0) = 0.97+0.03

−0.52sin(2βe�)(B0
→ K+K−K0S)sin(2βe�)(B0
→ K+K−K0S)sin(2βe�)(B0
→ K+K−K0S)sin(2βe�)(B0
→ K+K−K0S) = 0.77+0.13

−0.12sin(2βe�)(B0
→ [K0S π+π− ℄D(∗) h0) = 0.37 ± 0.22

βe�(B0
→ [K0S π+π− ℄D(∗) h0) = (12 ± 8)◦2βe�(B0
→ J/ψρ0) = (42+10

−11)◦
∣

∣λ
∣

∣ (B0
→ [K0S π+π− ℄D(∗) h0) = 1.01 ± 0.08

∣

∣sin(2β + γ)∣∣ > 0.40, CL = 90%2 β + γ = (83 ± 60)◦
α = (93 ± 5)◦
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Meson Summary Table 91919191x+(B0
→ DK∗0) = 0.04 ± 0.17x−(B0
→ DK∗0) = −0.16 ± 0.14y+(B0
→ DK∗0) = −0.68 ± 0.22y−(B0
→ DK∗0) = 0.20 ± 0.25 (S = 1.2)rB0(B0
→ DK∗0) = 0.223+0.041

−0.045
δB0(B0

→ DK∗0) = (193+27
−21)◦B0 modes are harge onjugates of the modes below. Reations indiate theweak deay vertex and do not inlude mixing. Modes whih do not identify theharge state of the B are listed in the B±/B0 ADMIXTURE setion.The branhing frations listed below assume 50% B0B0 and 50% B+B−prodution at the �(4S). We have attempted to bring older measurements upto date by resaling their assumed �(4S) prodution ratio to 50:50 and theirassumed D, Ds , D∗, and ψ branhing ratios to urrent values whenever thiswould a�et our averages and best limits signi�antly.Indentation is used to indiate a subhannel of a previous reation. All resonantsubhannels have been orreted for resonane branhing frations to the �nalstate so the sum of the subhannel branhing frations an exeed that of the�nal state.For inlusive branhing frations, e.g., B → D± anything, the values usuallyare multipliities, not branhing frations. They an be greater than one.Sale fator/ pB0 DECAY MODESB0 DECAY MODESB0 DECAY MODESB0 DECAY MODES Fration (�i /�) Con�dene level (MeV/)

ℓ+νℓ anything [sss℄ ( 10.33± 0.28) % {e+ νe X ( 10.1 ± 0.4 ) % {D ℓ+νℓ anything ( 9.1 ± 0.8 ) % {D− ℓ+νℓ [sss℄ ( 2.20± 0.10) % 2309D− τ+ ντ ( 1.03± 0.22) % 1909D∗(2010)− ℓ+νℓ [sss℄ ( 4.88± 0.10) % 2257D∗(2010)− τ+ ντ ( 1.67± 0.13) % S=1.1 1838D0π− ℓ+νℓ ( 4.3 ± 0.6 )× 10−3 2308D∗0(2400)− ℓ+νℓ, D∗−0 →D0π−

( 3.0 ± 1.2 )× 10−3 S=1.8 {D∗2(2460)− ℓ+νℓ, D∗−2 →D0π−

( 1.21± 0.33)× 10−3 S=1.8 2065D(∗) nπℓ+ νℓ (n ≥ 1) ( 2.3 ± 0.4 ) % {D∗0π− ℓ+νℓ ( 4.9 ± 0.8 )× 10−3 2256D1(2420)− ℓ+νℓ, D−1 →D∗0π−

( 2.80± 0.28)× 10−3 {D ′1(2430)− ℓ+νℓ, D ′−1 →D∗0π−

( 3.1 ± 0.9 )× 10−3 {D∗2(2460)− ℓ+νℓ, D∗−2 →D∗0π−

( 6.8 ± 1.2 )× 10−4 2065D−π+π− ℓ+νℓ ( 1.3 ± 0.5 )× 10−3 2299D∗−π+π− ℓ+νℓ ( 1.4 ± 0.5 )× 10−3 2247
ρ− ℓ+νℓ [sss℄ ( 2.94± 0.21)× 10−4 2583
π− ℓ+νℓ [sss℄ ( 1.50± 0.06)× 10−4 2638
π− τ+ ντ < 2.5 × 10−4 CL=90% 2338Inlusive modesInlusive modesInlusive modesInlusive modesK± anything ( 78 ± 8 ) % {D0X ( 8.1 ± 1.5 ) % {D0X ( 47.4 ± 2.8 ) % {D+X < 3.9 % CL=90% {D−X ( 36.9 ± 3.3 ) % {
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92929292 Meson Summary TableD+s X ( 10.3 + 2.1
− 1.8 ) % {D−s X < 2.6 % CL=90% {�+ X < 3.1 % CL=90% {�− X ( 5.0 + 2.1
− 1.5 ) % { X ( 95 ± 5 ) % { X ( 24.6 ± 3.1 ) % { / X (119 ± 6 ) % {D, D∗, or Ds modesD, D∗, or Ds modesD, D∗, or Ds modesD, D∗, or Ds modesD−π+ ( 2.52± 0.13)× 10−3 S=1.1 2306D− ρ+ ( 7.9 ± 1.3 )× 10−3 2235D−K0π+ ( 4.9 ± 0.9 )× 10−4 2259D−K∗(892)+ ( 4.5 ± 0.7 )× 10−4 2211D−ωπ+ ( 2.8 ± 0.6 )× 10−3 2204D−K+ ( 1.86± 0.20)× 10−4 2279D−K+π+π− ( 3.5 ± 0.8 )× 10−4 2236D−K+K0

< 3.1 × 10−4 CL=90% 2188D−K+K∗(892)0 ( 8.8 ± 1.9 )× 10−4 2070D0π+π− ( 8.8 ± 0.5 )× 10−4 2301D∗(2010)−π+ ( 2.74± 0.13)× 10−3 2255D0K+K− ( 4.9 ± 1.2 )× 10−5 2191D−π+π+π− ( 6.0 ± 0.7 )× 10−3 S=1.1 2287(D−π+π+π− ) nonresonant ( 3.9 ± 1.9 )× 10−3 2287D−π+ρ0 ( 1.1 ± 1.0 )× 10−3 2206D− a1(1260)+ ( 6.0 ± 3.3 )× 10−3 2121D∗(2010)−π+π0 ( 1.5 ± 0.5 ) % 2248D∗(2010)− ρ+ ( 2.2 + 1.8
− 2.7 )× 10−3 S=5.2 2180D∗(2010)−K+ ( 2.12± 0.15)× 10−4 2226D∗(2010)−K0π+ ( 3.0 ± 0.8 )× 10−4 2205D∗(2010)−K∗(892)+ ( 3.3 ± 0.6 )× 10−4 2155D∗(2010)−K+K0

< 4.7 × 10−4 CL=90% 2131D∗(2010)−K+K∗(892)0 ( 1.29± 0.33)× 10−3 2007D∗(2010)−π+π+π− ( 7.21± 0.29)× 10−3 2235(D∗(2010)−π+π+π− ) nonres-onant ( 0.0 ± 2.5 )× 10−3 2235D∗(2010)−π+ρ0 ( 5.7 ± 3.2 )× 10−3 2150D∗(2010)− a1(1260)+ ( 1.30± 0.27) % 2061D1(2420)0π−π+, D01 →D∗−π+ ( 1.47± 0.35)× 10−4 {D∗(2010)−K+π−π+ ( 4.7 ± 0.4 )× 10−4 2181D∗(2010)−π+π+π−π0 ( 1.76± 0.27) % 2218D∗− 3π+2π− ( 4.7 ± 0.9 )× 10−3 2195D∗(2010)−ωπ+ ( 2.46± 0.18)× 10−3 S=1.2 2148D1(2430)0ω, D01 → D∗−π+ ( 2.7 + 0.8
− 0.4 )× 10−4 1992D∗−ρ(1450)+ ( 1.07+ 0.40
− 0.34)× 10−3 {D1(2420)0ω ( 7.0 ± 2.2 )× 10−5 1995D∗2(2460)0ω ( 4.0 ± 1.4 )× 10−5 1975D∗−b1(1235)−, b−1 → ωπ−

< 7 × 10−5 CL=90% {D∗∗−π+ [xxx ℄ ( 1.9 ± 0.9 )× 10−3 {D1(2420)−π+, D−1 →D−π+π−

( 9.9 + 2.0
− 2.5 )× 10−5 {
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Meson Summary Table 93939393D1(2420)−π+, D−1 →D∗−π+π−

< 3.3 × 10−5 CL=90% {D∗2(2460)−π+, (D∗2)− →D0π−

( 2.38± 0.16)× 10−4 2062D∗0(2400)−π+, (D∗0)− →D0π−

( 7.6 ± 0.8 )× 10−5 2090
D∗2(2460)−π+, (D∗2)− →D∗−π+π−

< 2.4 × 10−5 CL=90% {D∗2(2460)− ρ+ < 4.9 × 10−3 CL=90% 1974D0D0 ( 1.4 ± 0.7 )× 10−5 1868D∗0D0
< 2.9 × 10−4 CL=90% 1794D−D+ ( 2.11± 0.18)× 10−4 1864D±D∗∓ (CP-averaged) ( 6.1 ± 0.6 )× 10−4 {D−D+s ( 7.2 ± 0.8 )× 10−3 1812D∗(2010)−D+s ( 8.0 ± 1.1 )× 10−3 1735D−D∗+s ( 7.4 ± 1.6 )× 10−3 1732D∗(2010)−D∗+s ( 1.77± 0.14) % 1649Ds0(2317)−K+, D−s0 → D−s π0 ( 4.2 ± 1.4 )× 10−5 2097Ds0(2317)−π+, D−s0 → D−s π0 < 2.5 × 10−5 CL=90% 2128DsJ (2457)−K+, D−

sJ
→ D−s π0 < 9.4 × 10−6 CL=90% {DsJ (2457)−π+, D−

sJ
→ D−s π0 < 4.0 × 10−6 CL=90% {D−s D+s < 3.6 × 10−5 CL=90% 1759D∗−s D+s < 1.3 × 10−4 CL=90% 1674D∗−s D∗+s < 2.4 × 10−4 CL=90% 1583D∗s0(2317)+D−, D∗+s0 → D+s π0 ( 1.09± 0.16)× 10−3 1602Ds0(2317)+D−, D+s0 → D∗+s γ < 9.5 × 10−4 CL=90% {Ds0(2317)+D∗(2010)−, D+s0 →D+s π0 ( 1.5 ± 0.6 )× 10−3 1509DsJ (2457)+D− ( 3.5 ± 1.1 )× 10−3 {DsJ (2457)+D−, D+

sJ
→ D+s γ ( 6.5 + 1.7

− 1.4 )× 10−4 {DsJ (2457)+D−, D+
sJ

→ D∗+s γ < 6.0 × 10−4 CL=90% {DsJ (2457)+D−, D+
sJ

→D+s π+π−

< 2.0 × 10−4 CL=90% {DsJ (2457)+D−, D+
sJ

→ D+s π0 < 3.6 × 10−4 CL=90% {D∗(2010)−DsJ(2457)+ ( 9.3 ± 2.2 )× 10−3 {DsJ (2457)+D∗(2010), D+
sJ

→D+s γ

( 2.3 + 0.9
− 0.7 )× 10−3 {D−Ds1(2536)+, D+s1 →D∗0K+ + D∗+K0 ( 2.8 ± 0.7 )× 10−4 1444D−Ds1(2536)+, D+s1 →D∗0K+ ( 1.7 ± 0.6 )× 10−4 1444D−Ds1(2536)+, D+s1 →D∗+K0 ( 2.6 ± 1.1 )× 10−4 1444D∗(2010)−Ds1(2536)+, D+s1 →D∗0K+ + D∗+K0 ( 5.0 ± 1.4 )× 10−4 1336D∗(2010)−Ds1(2536)+,D+s1 → D∗0K+ ( 3.3 ± 1.1 )× 10−4 1336D∗−Ds1(2536)+, D+s1 →D∗+K0 ( 5.0 ± 1.7 )× 10−4 1336D−DsJ(2573)+, D+

sJ
→D0K+ ( 3.4 ± 1.8 )× 10−5 1414
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94949494 Meson Summary TableD∗(2010)−DsJ(2573)+, D+
sJ

→D0K+ < 2 × 10−4 CL=90% 1304D−DsJ(2700)+, D+
sJ

→D0K+ ( 7.1 ± 1.2 )× 10−4 {D+π− ( 7.4 ± 1.3 )× 10−7 2306D+s π− ( 2.16± 0.26)× 10−5 2270D∗+s π− ( 2.1 ± 0.4 )× 10−5 S=1.4 2215D+s ρ− < 2.4 × 10−5 CL=90% 2197D∗+s ρ− ( 4.1 ± 1.3 )× 10−5 2138D+s a−0 < 1.9 × 10−5 CL=90% {D∗+s a−0 < 3.6 × 10−5 CL=90% {D+s a1(1260)− < 2.1 × 10−3 CL=90% 2080D∗+s a1(1260)− < 1.7 × 10−3 CL=90% 2015D+s a−2 < 1.9 × 10−4 CL=90% {D∗+s a−2 < 2.0 × 10−4 CL=90% {D−s K+ ( 2.7 ± 0.5 )× 10−5 S=2.7 2242D∗−s K+ ( 2.19± 0.30)× 10−5 2185D−s K∗(892)+ ( 3.5 ± 1.0 )× 10−5 2172D∗−s K∗(892)+ ( 3.2 + 1.5
− 1.3 )× 10−5 2112D−s π+K0 ( 9.7 ± 1.4 )× 10−5 2222D∗−s π+K0

< 1.10 × 10−4 CL=90% 2164D−s K+π+π− ( 1.7 ± 0.5 )× 10−4 2198D−s π+K∗(892)0 < 3.0 × 10−3 CL=90% 2138D∗−s π+K∗(892)0 < 1.6 × 10−3 CL=90% 2076D0K0 ( 5.2 ± 0.7 )× 10−5 2280D0K+π− ( 8.8 ± 1.7 )× 10−5 2261D0K∗(892)0 ( 4.5 ± 0.6 )× 10−5 2213D0K∗(1410)0 < 6.7 × 10−5 CL=90% 2059D0K∗0(1430)0 ( 7 ± 7 )× 10−6 2057D0K∗2(1430)0 ( 2.1 ± 0.9 )× 10−5 2057D∗0(2400)−, D∗−0 → D0π− ( 1.9 ± 0.9 )× 10−5 {D∗2(2460)−K+, D∗−2 →D0π−

( 2.03± 0.35)× 10−5 2029D∗3(2760)−K+, D∗−3 →D0π−

< 1.0 × 10−6 CL=90% {D0K+π− non-resonant < 3.7 × 10−5 CL=90% {D0π0 ( 2.63± 0.14)× 10−4 2308D0 ρ0 ( 3.21± 0.21)× 10−4 2237D0 f2 ( 1.56± 0.21)× 10−4 {D0 η ( 2.36± 0.32)× 10−4 S=2.5 2274D0 η′ ( 1.38± 0.16)× 10−4 S=1.3 2198D0ω ( 2.54± 0.16)× 10−4 2235D0φ < 1.16 × 10−5 CL=90% 2183D0K+π− ( 5.3 ± 3.2 )× 10−6 2261D0K∗(892)0 < 1.1 × 10−5 CL=90% 2213D∗0γ < 2.5 × 10−5 CL=90% 2258D∗(2007)0π0 ( 2.2 ± 0.6 )× 10−4 S=2.6 2256D∗(2007)0 ρ0 < 5.1 × 10−4 CL=90% 2182D∗(2007)0 η ( 2.3 ± 0.6 )× 10−4 S=2.8 2220D∗(2007)0 η′ ( 1.40± 0.22)× 10−4 2141D∗(2007)0π+π− ( 6.2 ± 2.2 )× 10−4 2249D∗(2007)0K0 ( 3.6 ± 1.2 )× 10−5 2227
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Meson Summary Table 95959595D∗(2007)0K∗(892)0 < 6.9 × 10−5 CL=90% 2157D∗(2007)0K∗(892)0 < 4.0 × 10−5 CL=90% 2157D∗(2007)0π+π+π−π− ( 2.7 ± 0.5 )× 10−3 2219D∗(2010)+D∗(2010)− ( 8.0 ± 0.6 )× 10−4 1711D∗(2007)0ω ( 3.6 ± 1.1 )× 10−4 S=3.1 2180D∗(2010)+D− ( 6.1 ± 1.5 )× 10−4 S=1.6 1790D∗(2007)0D∗(2007)0 < 9 × 10−5 CL=90% 1715D−D0K+ ( 1.07± 0.11)× 10−3 1574D−D∗(2007)0K+ ( 3.5 ± 0.4 )× 10−3 1478D∗(2010)−D0K+ ( 2.47± 0.21)× 10−3 1479D∗(2010)−D∗(2007)0K+ ( 1.06± 0.09) % 1366D−D+K0 ( 7.5 ± 1.7 )× 10−4 1568D∗(2010)−D+K0 +D−D∗(2010)+K0 ( 6.4 ± 0.5 )× 10−3 1473D∗(2010)−D∗(2010)+K0 ( 8.1 ± 0.7 )× 10−3 1360D∗−Ds1(2536)+, D+s1 →D∗+K0 ( 8.0 ± 2.4 )× 10−4 1336D0D0K0 ( 2.7 ± 1.1 )× 10−4 1574D0D∗(2007)0K0 +D∗(2007)0D0K0 ( 1.1 ± 0.5 )× 10−3 1478D∗(2007)0D∗(2007)0K0 ( 2.4 ± 0.9 )× 10−3 1365(D+D∗ )(D+D∗ )K ( 3.68± 0.26) % {Charmonium modesCharmonium modesCharmonium modesCharmonium modes
η K0 ( 7.9 ± 1.2 )× 10−4 1751
η K∗(892)0 ( 6.9 ± 0.9 )× 10−4 1646
η (2S)K∗0

< 3.9 × 10−4 CL=90% 1159h (1P)K∗0
< 4 × 10−4 CL=90% 1253J/ψ(1S)K0 ( 8.73± 0.32)× 10−4 1683J/ψ(1S)K+π− ( 1.15± 0.05)× 10−3 1652J/ψ(1S)K∗(892)0 ( 1.27± 0.05)× 10−3 1571J/ψ(1S)ηK0S ( 5.4 ± 0.9 )× 10−5 1508J/ψ(1S)η′K0S < 2.5 × 10−5 CL=90% 1271J/ψ(1S)φK0 ( 4.9 ± 1.0 )× 10−5 S=1.3 1224J/ψ(1S)ωK0 ( 2.3 ± 0.4 )× 10−4 1386

χ1(3872)K0, χ1 → J/ψω ( 6.0 ± 3.2 )× 10−6 1140X (3915), X → J/ψω ( 2.1 ± 0.9 )× 10−5 1102J/ψ(1S)K (1270)0 ( 1.3 ± 0.5 )× 10−3 1391J/ψ(1S)π0 ( 1.76± 0.16)× 10−5 S=1.1 1728J/ψ(1S)η ( 1.08± 0.23)× 10−5 S=1.5 1673J/ψ(1S)π+π− ( 3.96± 0.17)× 10−5 1716J/ψ(1S)π+π− nonresonant < 1.2 × 10−5 CL=90% 1716J/ψ(1S) f0(500), f0 → ππ ( 8.0 + 1.1
− 0.9 )× 10−6 {J/ψ(1S) f2 ( 3.3 ± 0.5 )× 10−6 S=1.5 {J/ψ(1S)ρ0 ( 2.55+ 0.18
− 0.16)× 10−5 1612J/ψ(1S) f0(980), f0 → π+π−

< 1.1 × 10−6 CL=90% {J/ψ(1S)ρ(1450)0, ρ0 → ππ ( 2.9 + 1.6
− 0.7 )× 10−6 {J/ψρ(1700)0, ρ0 → π+π− ( 2.0 ± 1.3 )× 10−6 {J/ψ(1S)ω ( 1.8 + 0.7
− 0.5 )× 10−5 1609J/ψ(1S)K+K− ( 2.51± 0.35)× 10−6 1533J/ψ(1S)a0(980), a0 →K+K−

( 4.7 ± 3.4 )× 10−7 {J/ψ(1S)φ < 1.9 × 10−7 CL=90% 1520
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96969696 Meson Summary TableJ/ψ(1S)η′(958) ( 7.6 ± 2.4 )× 10−6 1546J/ψ(1S)K0π+π− ( 4.4 ± 0.4 )× 10−4 1611J/ψ(1S)K0K−π++ .. < 2.1 × 10−5 CL=90% 1467J/ψ(1S)K0K+K− ( 2.5 ± 0.7 )× 10−5 S=1.8 1249J/ψ(1S)K0ρ0 ( 5.4 ± 3.0 )× 10−4 1390J/ψ(1S)K∗(892)+π− ( 8 ± 4 )× 10−4 1514J/ψ(1S)π+π−π+π− ( 1.43± 0.12)× 10−5 1670J/ψ(1S) f1(1285) ( 8.2 ± 2.1 )× 10−6 1385J/ψ(1S)K∗(892)0π+π− ( 6.6 ± 2.2 )× 10−4 1447
χ1(3872)−K+

< 5 × 10−4 CL=90% {
χ1(3872)−K+, χ1(3872)− →J/ψ(1S)π−π0 [yyy ℄ < 4.2 × 10−6 CL=90% {
χ1(3872)K0, χ1 →J/ψπ+π−

( 4.3 ± 1.3 )× 10−6 1140
χ1(3872)K0, χ1 → J/ψγ < 2.4 × 10−6 CL=90% 1140
χ1(3872)K∗(892)0, χ1 →J/ψγ

< 2.8 × 10−6 CL=90% 940
χ1(3872)K0, χ1 → ψ(2S)γ < 6.62 × 10−6 CL=90% 1140
χ1(3872)K∗(892)0, χ1 →

ψ(2S)γ < 4.4 × 10−6 CL=90% 940
χ1(3872)K0, χ1 → D0D0π0 ( 1.7 ± 0.8 )× 10−4 1140
χ1(3872)K0, χ1 → D∗0D0 ( 1.2 ± 0.4 )× 10−4 1140
χ1(3872)K+π−, χ1 →J/ψπ+π−

( 7.9 ± 1.4 )× 10−6 {
χ1(3872)K∗(892)0, χ1 →J/ψπ+π−

( 4.0 ± 1.5 )× 10−6 {Z (4430)±K∓, Z± →

ψ(2S)π±

( 6.0 + 3.0
− 2.4 )× 10−5 583Z (4430)±K∓, Z± → J/ψπ± ( 5.4 + 4.0
− 1.2 )× 10−6 583Z (3900)±K∓, Z± → J/ψπ±

< 9 × 10−7 {Z (4200)±K∓, X±
→ J/ψπ± ( 2.2 + 1.3

− 0.8 )× 10−5 {J/ψ(1S)pp < 5.2 × 10−7 CL=90% 862J/ψ(1S)γ < 1.5 × 10−6 CL=90% 1732J/ψ(1S)D0
< 1.3 × 10−5 CL=90% 877

ψ(2S)π0 ( 1.17± 0.19)× 10−5 1348
ψ(2S)K0 ( 5.8 ± 0.5 )× 10−4 1283
ψ(3770)K0, ψ → D0D0

< 1.23 × 10−4 CL=90% 1217
ψ(3770)K0, ψ → D−D+

< 1.88 × 10−4 CL=90% 1217
ψ(2S)π+π− ( 2.22± 0.35)× 10−5 1331
ψ(2S)K+π− ( 5.8 ± 0.4 )× 10−4 1239

ψ(2S)K∗(892)0 ( 5.9 ± 0.4 )× 10−4 1116
χ0K0 ( 1.46± 0.27)× 10−4 1477
χ0K∗(892)0 ( 1.7 ± 0.4 )× 10−4 1342
χ1π0 ( 1.12± 0.28)× 10−5 1468
χ1K0 ( 3.93± 0.27)× 10−4 1411
χ1π−K+ ( 4.97± 0.30)× 10−4 1371

χ1K∗(892)0 ( 2.38± 0.19)× 10−4 S=1.2 1265X (4051)−K+, X−
→ χ1π− ( 3.0 + 4.0

− 1.8 )× 10−5 {X (4248)−K+, X−
→ χ1π− ( 4.0 +20.0

− 1.0 )× 10−5 {
χ1π+π−K0 ( 3.2 ± 0.5 )× 10−4 1318
χ1π−π0K+ ( 3.5 ± 0.6 )× 10−4 1321
χ2K0

< 1.5 × 10−5 CL=90% 1379
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Meson Summary Table 97979797
χ2K∗(892)0 ( 4.9 ± 1.2 )× 10−5 S=1.1 1228
χ2π−K+ ( 7.2 ± 1.0 )× 10−5 1338
χ2π+π−K0

< 1.70 × 10−4 CL=90% 1282
χ2π−π0K+

< 7.4 × 10−5 CL=90% 1286K or K∗ modesK or K∗ modesK or K∗ modesK or K∗ modesK+π− ( 1.96± 0.05)× 10−5 2615K0π0 ( 9.9 ± 0.5 )× 10−6 2615
η′K0 ( 6.6 ± 0.4 )× 10−5 S=1.4 2528
η′K∗(892)0 ( 2.8 ± 0.6 )× 10−6 2472
η′K∗0(1430)0 ( 6.3 ± 1.6 )× 10−6 2346
η′K∗2(1430)0 ( 1.37± 0.32)× 10−5 2346
ηK0 ( 1.23+ 0.27

− 0.24)× 10−6 2587
ηK∗(892)0 ( 1.59± 0.10)× 10−5 2534
ηK∗0(1430)0 ( 1.10± 0.22)× 10−5 2415
ηK∗2(1430)0 ( 9.6 ± 2.1 )× 10−6 2414
ωK0 ( 4.8 ± 0.4 )× 10−6 2557a0(980)0K0, a00 → ηπ0 < 7.8 × 10−6 CL=90% {b01K0, b01 → ωπ0 < 7.8 × 10−6 CL=90% {a0(980)±K∓, a±0 → ηπ±

< 1.9 × 10−6 CL=90% {b−1 K+, b−1 → ωπ− ( 7.4 ± 1.4 )× 10−6 {b01K∗0, b01 → ωπ0 < 8.0 × 10−6 CL=90% {b−1 K∗+, b−1 → ωπ−
< 5.0 × 10−6 CL=90% {a0(1450)±K∓, a±0 → ηπ±
< 3.1 × 10−6 CL=90% {K0S X 0 (Familon) < 5.3 × 10−5 CL=90% {

ωK∗(892)0 ( 2.0 ± 0.5 )× 10−6 2503
ω (Kπ)∗00 ( 1.84± 0.25)× 10−5 {
ωK∗0(1430)0 ( 1.60± 0.34)× 10−5 2380
ωK∗2(1430)0 ( 1.01± 0.23)× 10−5 2380
ωK+π− nonresonant ( 5.1 ± 1.0 )× 10−6 2542K+π−π0 ( 3.78± 0.32)× 10−5 2609K+ρ− ( 7.0 ± 0.9 )× 10−6 2559K+ρ(1450)− ( 2.4 ± 1.2 )× 10−6 {K+ρ(1700)− ( 6 ± 7 )× 10−7 {(K+π−π0 ) non-resonant ( 2.8 ± 0.6 )× 10−6 {(Kπ)∗+0 π−, (Kπ)∗+0 →K+π0 ( 3.4 ± 0.5 )× 10−5 {(Kπ)∗00 π0, (Kπ)∗00 → K+π− ( 8.6 ± 1.7 )× 10−6 {K∗2(1430)0π0 < 4.0 × 10−6 CL=90% 2445K∗(1680)0π0 < 7.5 × 10−6 CL=90% 2358K∗0x π0 [bbaa℄ ( 6.1 ± 1.6 )× 10−6 {K0π+π− ( 4.94± 0.18)× 10−5 2609K0π+π− non-resonant ( 1.47+ 0.40

− 0.26)× 10−5 S=2.1 {K0ρ0 ( 4.7 ± 0.6 )× 10−6 2558K∗(892)+π− ( 8.4 ± 0.8 )× 10−6 2563K∗0(1430)+π− ( 3.3 ± 0.7 )× 10−5 S=2.0 {K∗+x π− [bbaa℄ ( 5.1 ± 1.6 )× 10−6 {K∗(1410)+π−, K∗+
→K0π+ < 3.8 × 10−6 CL=90% {f0(980)K0, f0 → π+π− ( 7.0 ± 0.9 )× 10−6 2522f2(1270)K0 ( 2.7 + 1.3

− 1.2 )× 10−6 2459fx (1300)K0, fx → π+π− ( 1.8 ± 0.7 )× 10−6 {
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98989898 Meson Summary TableK∗(892)0π0 ( 3.3 ± 0.6 )× 10−6 2563K∗2(1430)+π−
< 6 × 10−6 CL=90% 2445K∗(1680)+π−
< 1.0 × 10−5 CL=90% 2358K+π−π+π− [aa℄ < 2.3 × 10−4 CL=90% 2600

ρ0K+π− ( 2.8 ± 0.7 )× 10−6 2543f0(980)K+π−, f0 → ππ ( 1.4 + 0.5
− 0.6 )× 10−6 2506K+π−π+π− nonresonant < 2.1 × 10−6 CL=90% 2600K∗(892)0π+π− ( 5.5 ± 0.5 )× 10−5 2557K∗(892)0 ρ0 ( 3.9 ± 1.3 )× 10−6 S=1.9 2504K∗(892)0 f0(980), f0 → ππ ( 3.9 + 2.1
− 1.8 )× 10−6 S=3.9 2466K1(1270)+π−

< 3.0 × 10−5 CL=90% 2484K1(1400)+π−
< 2.7 × 10−5 CL=90% 2451a1(1260)−K+ [aa℄ ( 1.6 ± 0.4 )× 10−5 2471K∗(892)+ ρ− ( 1.03± 0.26)× 10−5 2504K∗0(1430)+ρ− ( 2.8 ± 1.2 )× 10−5 {K1(1400)0 ρ0 < 3.0 × 10−3 CL=90% 2388K∗0(1430)0 ρ0 ( 2.7 ± 0.6 )× 10−5 2381K∗0(1430)0 f0(980), f0 → ππ ( 2.7 ± 0.9 )× 10−6 {K∗2(1430)0 f0(980), f0 → ππ ( 8.6 ± 2.0 )× 10−6 {K+K− ( 7.8 ± 1.5 )× 10−8 2593K0K0 ( 1.21± 0.16)× 10−6 2592K0K−π+ ( 6.2 ± 0.7 )× 10−6 2578K∗(892)±K∓
< 4 × 10−7 CL=90% 2540K∗0K0 + K∗0K0
< 9.6 × 10−7 CL=90% {K+K−π0 ( 2.2 ± 0.6 )× 10−6 2579K0S K0S π0 < 9 × 10−7 CL=90% 2578K0S K0S η < 1.0 × 10−6 CL=90% 2515K0S K0S η′ < 2.0 × 10−6 CL=90% 2453K0K+K− ( 2.67± 0.11)× 10−5 2522K0φ ( 7.3 ± 0.7 )× 10−6 2516f0(980)K0, f0 → K+K− ( 7.0 + 3.5

− 3.0 )× 10−6 {f0(1500)K0 ( 1.3 + 0.7
− 0.5 )× 10−5 2398f ′2(1525)0K0 ( 3 + 5
− 4 )× 10−7 {f0(1710)K0, f0 → K+K− ( 4.4 ± 0.9 )× 10−6 {K0K+K−nonresonant ( 3.3 ± 1.0 )× 10−5 2522K0S K0S K0S ( 6.0 ± 0.5 )× 10−6 S=1.1 2521f0(980)K0, f0 → K0S K0S ( 2.7 ± 1.8 )× 10−6 {f0(1710)K0, f0 → K0S K0S ( 5.0 + 5.0
− 2.6 )× 10−7 {f2(2010)K0, f2 → K0S K0S ( 5 ± 6 )× 10−7 {K0S K0S K0S nonresonant ( 1.33± 0.31)× 10−5 2521K0S K0S K0L < 1.6 × 10−5 CL=90% 2521K∗(892)0K+K− ( 2.75± 0.26)× 10−5 2467K∗(892)0φ ( 1.00± 0.05)× 10−5 2460K+K−π+π−nonresonant < 7.17 × 10−5 CL=90% 2559K∗(892)0K−π+ ( 4.5 ± 1.3 )× 10−6 2524K∗(892)0K∗(892)0 ( 8 ± 5 )× 10−7 S=2.2 2485K+K+π−π−nonresonant < 6.0 × 10−6 CL=90% 2559K∗(892)0K+π−

< 2.2 × 10−6 CL=90% 2524K∗(892)0K∗(892)0 < 2 × 10−7 CL=90% 2485K∗(892)+K∗(892)− < 2.0 × 10−6 CL=90% 2485
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Meson Summary Table 99999999K1(1400)0φ < 5.0 × 10−3 CL=90% 2339
φ(K π)∗00 ( 4.3 ± 0.4 )× 10−6 {

φ(K π)∗00 (1.60<mK π <2.15) [ddaa℄ < 1.7 × 10−6 CL=90% {K∗0(1430)0K−π+ < 3.18 × 10−5 CL=90% 2403K∗0(1430)0K∗(892)0 < 3.3 × 10−6 CL=90% 2360K∗0(1430)0K∗0(1430)0 < 8.4 × 10−6 CL=90% 2222K∗0(1430)0φ ( 3.9 ± 0.8 )× 10−6 2333K∗0(1430)0K∗(892)0 < 1.7 × 10−6 CL=90% 2360K∗0(1430)0K∗0(1430)0 < 4.7 × 10−6 CL=90% 2222K∗(1680)0φ < 3.5 × 10−6 CL=90% 2238K∗(1780)0φ < 2.7 × 10−6 CL=90% {K∗(2045)0φ < 1.53 × 10−5 CL=90% {K∗2(1430)0 ρ0 < 1.1 × 10−3 CL=90% 2381K∗2(1430)0φ ( 6.8 ± 0.9 )× 10−6 S=1.2 2333K0φφ ( 4.5 ± 0.9 )× 10−6 2305
η′ η′K0

< 3.1 × 10−5 CL=90% 2337
ηK0 γ ( 7.6 ± 1.8 )× 10−6 2587
η′K0γ < 6.4 × 10−6 CL=90% 2528K0φγ ( 2.7 ± 0.7 )× 10−6 2516K+π− γ ( 4.6 ± 1.4 )× 10−6 2615K∗(892)0 γ ( 4.18± 0.25)× 10−5 S=2.1 2565K∗(1410)γ < 1.3 × 10−4 CL=90% 2449K+π− γ nonresonant < 2.6 × 10−6 CL=90% 2615K∗(892)0X (214), X → µ+µ− [eeaa℄ < 2.26 × 10−8 CL=90% {K0π+π− γ ( 1.99± 0.18)× 10−5 2609K+π−π0 γ ( 4.1 ± 0.4 )× 10−5 2609K1(1270)0 γ < 5.8 × 10−5 CL=90% 2486K1(1400)0 γ < 1.2 × 10−5 CL=90% 2454K∗2(1430)0 γ ( 1.24± 0.24)× 10−5 2447K∗(1680)0 γ < 2.0 × 10−3 CL=90% 2360K∗3(1780)0 γ < 8.3 × 10−5 CL=90% 2341K∗4(2045)0 γ < 4.3 × 10−3 CL=90% 2244Light unavored meson modesLight unavored meson modesLight unavored meson modesLight unavored meson modes
ρ0 γ ( 8.6 ± 1.5 )× 10−7 2583
ρ0X (214), X → µ+µ− [eeaa℄ < 1.73 × 10−8 CL=90% {
ωγ ( 4.4 + 1.8

− 1.6 )× 10−7 2582
φγ < 1.0 × 10−7 CL=90% 2541
π+π− ( 5.12± 0.19)× 10−6 2636
π0π0 ( 1.59± 0.26)× 10−6 S=1.4 2636
ηπ0 ( 4.1 ± 1.7 )× 10−7 2610
ηη < 1.0 × 10−6 CL=90% 2582
η′π0 ( 1.2 ± 0.6 )× 10−6 S=1.7 2551
η′ η′ < 1.7 × 10−6 CL=90% 2460
η′ η < 1.2 × 10−6 CL=90% 2523
η′ρ0 < 1.3 × 10−6 CL=90% 2492
η′ f0(980), f0 → π+π−

< 9 × 10−7 CL=90% 2454
ηρ0 < 1.5 × 10−6 CL=90% 2553
η f0(980), f0 → π+π−

< 4 × 10−7 CL=90% 2516
ωη ( 9.4 + 4.0

− 3.1 )× 10−7 2552
ωη′ ( 1.0 + 0.5

− 0.4 )× 10−6 2491
ωρ0 < 1.6 × 10−6 CL=90% 2522
ω f0(980), f0 → π+π−

< 1.5 × 10−6 CL=90% 2485
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100100100100 Meson Summary Table
ωω ( 1.2 ± 0.4 )× 10−6 2521
φπ0 < 1.5 × 10−7 CL=90% 2540
φη < 5 × 10−7 CL=90% 2511
φη′ < 5 × 10−7 CL=90% 2448
φπ+π− ( 1.8 ± 0.5 )× 10−7 2533

φρ0 < 3.3 × 10−7 CL=90% 2480
φ f0(980), f0 → π+π−

< 3.8 × 10−7 CL=90% 2441
φω < 7 × 10−7 CL=90% 2479
φφ < 2.8 × 10−8 CL=90% 2435a0(980)±π∓, a±0 → ηπ±

< 3.1 × 10−6 CL=90% {a0(1450)±π∓, a±0 → ηπ±
< 2.3 × 10−6 CL=90% {

π+π−π0 < 7.2 × 10−4 CL=90% 2631
ρ0π0 ( 2.0 ± 0.5 )× 10−6 2581
ρ∓π± [hh℄ ( 2.30± 0.23)× 10−5 2581

π+π−π+π−
< 1.12 × 10−5 CL=90% 2621

ρ0π+π−
< 8.8 × 10−6 CL=90% 2575

ρ0 ρ0 ( 9.6 ± 1.5 )× 10−7 2523f0(980)π+π−, f0 → π+π−
< 3.0 × 10−6 CL=90% {

ρ0 f0(980), f0 → π+π− ( 7.8 ± 2.5 )× 10−7 2486f0(980)f0(980), f0 → π+π−,f0 → π+π−

< 1.9 × 10−7 CL=90% 2447f0(980)f0(980), f0 → π+π−,f0 → K+K−

< 2.3 × 10−7 CL=90% 2447a1(1260)∓π± [hh℄ ( 2.6 ± 0.5 )× 10−5 S=1.9 2494a2(1320)∓π± [hh℄ < 6.3 × 10−6 CL=90% 2473
π+π−π0π0 < 3.1 × 10−3 CL=90% 2622

ρ+ρ− ( 2.77± 0.19)× 10−5 2523a1(1260)0π0 < 1.1 × 10−3 CL=90% 2495
ωπ0 < 5 × 10−7 CL=90% 2580

π+π+π−π−π0 < 9.0 × 10−3 CL=90% 2609a1(1260)+ρ− < 6.1 × 10−5 CL=90% 2433a1(1260)0 ρ0 < 2.4 × 10−3 CL=90% 2433b∓1 π±, b∓1 → ωπ∓ ( 1.09± 0.15)× 10−5 {b01π0, b01 → ωπ0 < 1.9 × 10−6 CL=90% {b−1 ρ+, b−1 → ωπ−
< 1.4 × 10−6 CL=90% {b01 ρ0, b01 → ωπ0 < 3.4 × 10−6 CL=90% {

π+π+π+π−π−π−
< 3.0 × 10−3 CL=90% 2592a1(1260)+a1(1260)−, a+1 →2π+π−, a−1 → 2π−π+ ( 1.18± 0.31)× 10−5 2336

π+π+π+π−π−π−π0 < 1.1 % CL=90% 2572Baryon modesBaryon modesBaryon modesBaryon modespp ( 1.25± 0.32)× 10−8 2467ppπ+π− ( 2.87± 0.19)× 10−6 2406ppK+π− ( 6.3 ± 0.5 )× 10−6 2306ppK0 ( 2.66± 0.32)× 10−6 2347�(1540)+p, �+
→ pK0S [�aa℄ < 5 × 10−8 CL=90% 2318fJ (2220)K0, fJ → pp < 4.5 × 10−7 CL=90% 2135ppK∗(892)0 ( 1.24+ 0.28

− 0.25)× 10−6 2216fJ (2220)K∗0, fJ → pp < 1.5 × 10−7 CL=90% {ppK+K− ( 1.21± 0.32)× 10−7 2179p�π− ( 3.14± 0.29)× 10−6 2401p�π− γ < 6.5 × 10−7 CL=90% 2401p� (1385)− < 2.6 × 10−7 CL=90% 2363
db2018.pp-ALL.pdf   101 9/14/18   4:35 PM



Meson Summary Table 101101101101�0� < 9.3 × 10−7 CL=90% 2364p�K−
< 8.2 × 10−7 CL=90% 2308p�D− ( 2.5 ± 0.4 )× 10−5 1765p�D∗− ( 3.4 ± 0.8 )× 10−5 1685p�0π−
< 3.8 × 10−6 CL=90% 2383�� < 3.2 × 10−7 CL=90% 2392��K0 ( 4.8 + 1.0

− 0.9 )× 10−6 2250��K∗0 ( 2.5 + 0.9
− 0.8 )× 10−6 2098��D0 ( 1.00+ 0.30
− 0.26)× 10−5 1661D0�0�+ .. < 3.1 × 10−5 CL=90% 1611�0�0

< 1.5 × 10−3 CL=90% 2335�++�−−
< 1.1 × 10−4 CL=90% 2335D0 pp ( 1.04± 0.07)× 10−4 1863D−s �p ( 2.8 ± 0.9 )× 10−5 1710D∗(2007)0 pp ( 9.9 ± 1.1 )× 10−5 1788D∗(2010)− pn ( 1.4 ± 0.4 )× 10−3 1785D− ppπ+ ( 3.32± 0.31)× 10−4 1786D∗(2010)− ppπ+ ( 4.7 ± 0.5 )× 10−4 S=1.2 1708D0 ppπ+π− ( 3.0 ± 0.5 )× 10−4 1708D∗0ppπ+π− ( 1.9 ± 0.5 )× 10−4 1623� pπ+, � → D−p < 9 × 10−6 CL=90% {� pπ+, � → D∗−p < 1.4 × 10−5 CL=90% {�−− �++
< 8 × 10−4 CL=90% 1839�− pπ+π− ( 1.03± 0.14)× 10−3 S=1.3 1934�− p ( 1.55± 0.18)× 10−5 2021�− pπ0 ( 1.56± 0.19)× 10−4 1982� (2455)− p < 2.4 × 10−5 {�− pπ+π−π0 < 5.07 × 10−3 CL=90% 1882�− pπ+π−π+π−
< 2.74 × 10−3 CL=90% 1821�− pπ+π− (nonresonant) ( 5.5 ± 1.0 )× 10−4 S=1.3 1934�  (2520)−− pπ+ ( 1.03± 0.18)× 10−4 1860�  (2520)0 pπ−
< 3.1 × 10−5 CL=90% 1860�  (2455)0 pπ− ( 1.08± 0.16)× 10−4 1895�  (2455)0N0, N0

→ pπ− ( 6.4 ± 1.7 )× 10−5 {�  (2455)−− pπ+ ( 1.85± 0.24)× 10−4 1895�− pK+π− ( 3.5 ± 0.7 )× 10−5 {�  (2455)−− pK+, �−− →�− π−

( 8.9 ± 2.6 )× 10−6 1754�− pK∗(892)0 < 2.42 × 10−5 CL=90% {�− pK+K− ( 2.0 ± 0.4 )× 10−5 {�− pφ < 1.0 × 10−5 CL=90% {�− ppp < 2.8 × 10−6 {�− �K+ ( 4.7 ± 1.1 )× 10−5 1767�− �+ < 1.6 × 10−5 CL=95% 1319� (2593)− / � (2625)−p < 1.1 × 10−4 CL=90% {�− �+ , �− → �+π−π− ( 1.8 ± 1.8 )× 10−5 S=2.2 1147�+ �− K0 ( 4.3 ± 2.3 )× 10−4 {
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102102102102 Meson Summary TableLepton Family number (LF ) or Lepton number (L) or Baryon number (B)Lepton Family number (LF ) or Lepton number (L) or Baryon number (B)Lepton Family number (LF ) or Lepton number (L) or Baryon number (B)Lepton Family number (LF ) or Lepton number (L) or Baryon number (B)violating modes, or/and �B = 1 weak neutral urrent (B1) modesviolating modes, or/and �B = 1 weak neutral urrent (B1) modesviolating modes, or/and �B = 1 weak neutral urrent (B1) modesviolating modes, or/and �B = 1 weak neutral urrent (B1) modes
γ γ B1 < 3.2 × 10−7 CL=90% 2640e+ e− B1 < 8.3 × 10−8 CL=90% 2640e+ e−γ B1 < 1.2 × 10−7 CL=90% 2640
µ+µ− B1 ( 1.6 + 1.6

− 1.4 )× 10−10 S=1.9 2638
µ+µ− γ B1 < 1.6 × 10−7 CL=90% 2638
µ+µ−µ+µ− B1 < 6.9 × 10−10 CL=95% 2629S P, S → µ+µ−,P → µ+µ−

B1 [ggaa℄ < 6.0 × 10−10 CL=95% {
τ+ τ− B1 < 2.1 × 10−3 CL=95% 1952
π0 ℓ+ ℓ− B1 < 5.3 × 10−8 CL=90% 2638

π0 e+ e− B1 < 8.4 × 10−8 CL=90% 2638
π0µ+µ− B1 < 6.9 × 10−8 CL=90% 2634

ηℓ+ ℓ− B1 < 6.4 × 10−8 CL=90% 2611
ηe+ e− B1 < 1.08 × 10−7 CL=90% 2611
ηµ+µ− B1 < 1.12 × 10−7 CL=90% 2607

π0 ν ν B1 < 9 × 10−6 CL=90% 2638K0 ℓ+ ℓ− B1 [sss℄ ( 3.1 + 0.8
− 0.7 )× 10−7 2616K0 e+ e− B1 ( 1.6 + 1.0
− 0.8 )× 10−7 2616K0µ+µ− B1 ( 3.39± 0.34)× 10−7 2612K0ν ν B1 < 2.6 × 10−5 CL=90% 2616

ρ0 ν ν B1 < 4.0 × 10−5 CL=90% 2583K∗(892)0 ℓ+ ℓ− B1 [sss℄ ( 9.9 + 1.2
− 1.1 )× 10−7 2565K∗(892)0 e+ e− B1 ( 1.03+ 0.19
− 0.17)× 10−6 2565K∗(892)0µ+µ− B1 ( 9.4 ± 0.5 )× 10−7 2560

π+π−µ+µ− B1 ( 2.1 ± 0.5 )× 10−8 2626K∗(892)0 ν ν B1 < 1.8 × 10−5 CL=90% 2565invisible B1 < 2.4 × 10−5 CL=90% {
ν ν γ B1 < 1.7 × 10−5 CL=90% 2640
φν ν B1 < 1.27 × 10−4 CL=90% 2541e±µ∓ LF [hh℄ < 2.8 × 10−9 CL=90% 2639
π0 e±µ∓ LF < 1.4 × 10−7 CL=90% 2637K0 e±µ∓ LF < 2.7 × 10−7 CL=90% 2615K∗(892)0 e+µ− LF < 5.3 × 10−7 CL=90% 2563K∗(892)0 e−µ+ LF < 3.4 × 10−7 CL=90% 2563K∗(892)0 e±µ∓ LF < 5.8 × 10−7 CL=90% 2563e± τ∓ LF [hh℄ < 2.8 × 10−5 CL=90% 2341
µ± τ∓ LF [hh℄ < 2.2 × 10−5 CL=90% 2339�+ µ− L,B < 1.4 × 10−6 CL=90% 2143�+ e− L,B < 4 × 10−6 CL=90% 2145B±/B0 ADMIXTUREB±/B0 ADMIXTUREB±/B0 ADMIXTUREB±/B0 ADMIXTURECP violationCP violationCP violationCP violationACP (B → K∗(892)γ) = −0.003 ± 0.011ACP (b → s γ) = 0.015 ± 0.020ACP (b → (s + d)γ) = 0.010 ± 0.031ACP (B → Xs ℓ+ ℓ−) = 0.04 ± 0.11ACP (B → Xs ℓ+ ℓ−) (1.0 < q2 < 6.0 GeV2/4) = −0.06 ± 0.22
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Meson Summary Table 103103103103ACP (B → Xs ℓ+ ℓ−) (10.1 < q2 < 12.9 or q2 > 14.2 GeV2/4) =0.19 ± 0.18ACP (B → K∗ e+ e−) = −0.18 ± 0.15ACP (B → K∗µ+µ−) = −0.03 ± 0.13ACP (B → K∗ ℓ+ ℓ−) = −0.04 ± 0.07ACP (B → ηanything) = −0.13+0.04
−0.05�ACP (Xs γ) = ACP (B±

→ Xs γ) − ACP (B0
→ Xs γ) = 0.05 ±0.04�ACP (B → K∗γ) = ACP (B+

→ K∗+γ) − ACP (B0
→ K∗0γ)= 0.024 ± 0.028ACP (B → K∗γ) = (ACP (B+

→ K∗+γ) + ACP (B0
→K∗0γ))/2 = −0.001 ± 0.014The branhing fration measurements are for an admixture of B mesons at the�(4S). The values quoted assume that B(�(4S) → BB) = 100%.For inlusive branhing frations, e.g., B → D± anything, the treatment ofmultiple D's in the �nal state must be de�ned. One possibility would be to ountthe number of events with one-or-more D's and divide by the total number ofB's. Another possibility would be to ount the total number of D's and divideby the total number of B's, whih is the de�nition of average multipliity. Thetwo de�nitions are idential if only one D is allowed in the �nal state.Even though the \one-or-more" de�nition seems sensible, for pratial reasonsinlusive branhing frations are almost always measured using the multipliityde�nition. For heavy �nal state partiles, authors all their results inlusivebranhing frations while for light partiles some authors all their results mul-tipliities. In the B setions, we list all results as inlusive branhing frations,adopting a multipliity de�nition. This means that inlusive branhing frationsan exeed 100% and that inlusive partial widths an exeed total widths, justas inlusive ross setions an exeed total ross setion.B modes are harge onjugates of the modes below. Reations indiate theweak deay vertex and do not inlude mixing. Sale fator/ pB DECAY MODESB DECAY MODESB DECAY MODESB DECAY MODES Fration (�i /�) Con�dene level (MeV/)Semileptoni and leptoni modesSemileptoni and leptoni modesSemileptoni and leptoni modesSemileptoni and leptoni modes

ℓ+νℓ anything [sss,hhaa℄ ( 10.86 ± 0.16 ) % {D− ℓ+νℓ anything [sss℄ ( 2.8 ± 0.9 ) % {D0 ℓ+νℓ anything [sss℄ ( 7.3 ± 1.5 ) % {D ℓ+νℓ ( 2.42 ± 0.12 ) % 2310D∗− ℓ+νℓ anything [iiaa℄ ( 6.7 ± 1.3 )× 10−3 {D∗ ℓ+νℓ [jjaa℄ ( 4.95 ± 0.11 ) % 2257D∗∗ ℓ+νℓ [sss,kkaa℄ ( 2.7 ± 0.7 ) % {D1(2420)ℓ+νℓ anything ( 3.8 ± 1.3 )× 10−3 S=2.4 {D πℓ+νℓ anything +D∗πℓ+ νℓ anything ( 2.6 ± 0.5 ) % S=1.5 {D πℓ+νℓ anything ( 1.5 ± 0.6 ) % {D∗πℓ+ νℓ anything ( 1.9 ± 0.4 ) % {D∗2(2460)ℓ+νℓ anything ( 4.4 ± 1.6 )× 10−3 {D∗−π+ ℓ+νℓ anything ( 1.00 ± 0.34 ) % {D π+π− ℓ+νℓ ( 1.62 ± 0.32 )× 10−3 2301D∗π+π− ℓ+νℓ ( 9.4 ± 3.2 )× 10−4 2247D−s ℓ+νℓ anything [sss℄ < 7 × 10−3 CL=90% {D−s ℓ+νℓK+anything [sss℄ < 5 × 10−3 CL=90% {D−s ℓ+νℓK0anything [sss℄ < 7 × 10−3 CL=90% {X ℓ+νℓ ( 10.65 ± 0.16 ) % {
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104104104104 Meson Summary TableXu ℓ+νℓ ( 2.13 ± 0.31 )× 10−3 {K+ ℓ+νℓ anything [sss℄ ( 6.3 ± 0.6 ) % {K− ℓ+νℓ anything [sss℄ ( 10 ± 4 )× 10−3 {K0/K0 ℓ+νℓ anything [sss℄ ( 4.6 ± 0.5 ) % {D τ+ ντ ( 9.9 ± 1.2 )× 10−3 1911D∗ τ+ ντ ( 1.50 ± 0.08 ) % 1838D, D∗, or Ds modesD, D∗, or Ds modesD, D∗, or Ds modesD, D∗, or Ds modesD± anything ( 24.1 ± 1.4 ) % {D0 /D0 anything ( 62.4 ± 2.9 ) % S=1.3 {D∗(2010)± anything ( 22.5 ± 1.5 ) % {D∗(2007)0 anything ( 26.0 ± 2.7 ) % {D±s anything [hh℄ ( 8.3 ± 0.8 ) % {D∗±s anything ( 6.3 ± 1.0 ) % {D∗±s D (∗) ( 3.4 ± 0.6 ) % {D (∗)D (∗)K0 + D (∗)D (∗)K±[hh,llaa℄ ( 7.1 + 2.7
− 1.7 ) % {b →   s ( 22 ± 4 ) % {Ds (∗)D (∗) [hh,llaa℄ ( 3.9 ± 0.4 ) % {D∗D∗(2010)± [hh℄ < 5.9 × 10−3 CL=90% 1711DD∗(2010)± + D∗D± [hh℄ < 5.5 × 10−3 CL=90% {DD± [hh℄ < 3.1 × 10−3 CL=90% 1866Ds (∗)±D (∗)X (nπ±) [hh,llaa℄ ( 9 + 5
− 4 ) % {D∗(2010)γ < 1.1 × 10−3 CL=90% 2257D+s π− , D∗+s π− , D+s ρ− ,D∗+s ρ− , D+s π0 , D∗+s π0 ,D+s η , D∗+s η , D+s ρ0 ,D∗+s ρ0 , D+s ω , D∗+s ω

[hh℄ < 4 × 10−4 CL=90% {Ds1(2536)+anything < 9.5 × 10−3 CL=90% {Charmonium modesCharmonium modesCharmonium modesCharmonium modesJ/ψ(1S)anything ( 1.094± 0.032) % S=1.1 {J/ψ(1S)(diret) anything ( 7.8 ± 0.4 )× 10−3 S=1.1 {
ψ(2S)anything ( 3.07 ± 0.21 )× 10−3 {
χ1(1P)anything ( 3.55 ± 0.27 )× 10−3 S=1.3 {

χ1(1P)(diret) anything ( 3.08 ± 0.19 )× 10−3 {
χ2(1P)anything ( 10.0 ± 1.7 )× 10−4 S=1.6 {

χ2(1P)(diret) anything ( 7.5 ± 1.1 )× 10−4 {
η (1S)anything < 9 × 10−3 CL=90% {K χ1(3872), χ1 →D0D0π0 ( 1.2 ± 0.4 )× 10−4 1141K χ1(3872), χ1 →D∗0D0 ( 8.0 ± 2.2 )× 10−5 1141K X (3940), X → D∗0D0

< 6.7 × 10−5 CL=90% 1084K X (3915), X → ωJ/ψ [nnaa℄ ( 7.1 ± 3.4 )× 10−5 1103K or K∗ modesK or K∗ modesK or K∗ modesK or K∗ modesK± anything [hh℄ ( 78.9 ± 2.5 ) % {K+anything ( 66 ± 5 ) % {K− anything ( 13 ± 4 ) % {K0/K0 anything [hh℄ ( 64 ± 4 ) % {K∗(892)± anything ( 18 ± 6 ) % {K∗(892)0 /K∗(892)0 anything [hh℄ ( 14.6 ± 2.6 ) % {K∗(892)γ ( 4.2 ± 0.6 )× 10−5 2565
ηK γ ( 8.5 + 1.8

− 1.6 )× 10−6 2588
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Meson Summary Table 105105105105K1(1400)γ < 1.27 × 10−4 CL=90% 2454K∗2(1430)γ ( 1.7 + 0.6
− 0.5 )× 10−5 2447K2(1770)γ < 1.2 × 10−3 CL=90% 2342K∗3(1780)γ < 3.7 × 10−5 CL=90% 2341K∗4(2045)γ < 1.0 × 10−3 CL=90% 2244K η′(958) ( 8.3 ± 1.1 )× 10−5 2528K∗(892)η′(958) ( 4.1 ± 1.1 )× 10−6 2472K η < 5.2 × 10−6 CL=90% 2588K∗(892)η ( 1.8 ± 0.5 )× 10−5 2534K φφ ( 2.3 ± 0.9 )× 10−6 2306b → s γ ( 3.49 ± 0.19 )× 10−4 {b → d γ ( 9.2 ± 3.0 )× 10−6 {b → s gluon < 6.8 % CL=90% {

η anything ( 2.6 + 0.5
− 0.8 )× 10−4 {

η′ anything ( 4.2 ± 0.9 )× 10−4 {K+gluon (harmless) < 1.87 × 10−4 CL=90% {K0gluon (harmless) ( 1.9 ± 0.7 )× 10−4 {Light unavored meson modesLight unavored meson modesLight unavored meson modesLight unavored meson modes
ργ ( 1.39 ± 0.25 )× 10−6 S=1.2 2583
ρ/ωγ ( 1.30 ± 0.23 )× 10−6 S=1.2 {
π± anything [hh,ooaa℄ ( 358 ± 7 ) % {
π0 anything ( 235 ±11 ) % {
η anything ( 17.6 ± 1.6 ) % {
ρ0 anything ( 21 ± 5 ) % {
ω anything < 81 % CL=90% {
φ anything ( 3.43 ± 0.12 ) % {

φK∗(892) < 2.2 × 10−5 CL=90% 2460
π+ gluon (harmless) ( 3.7 ± 0.8 )× 10−4 {Baryon modesBaryon modesBaryon modesBaryon modes�+ / �− anything ( 3.6 ± 0.4 ) % {�+ anything < 1.3 % CL=90% {�− anything < 7 % CL=90% {�− ℓ+anything < 9 × 10−4 CL=90% {�− e+ anything < 1.8 × 10−3 CL=90% {�− µ+ anything < − 1.4 × 10−3 CL=90% {�− p anything ( 2.06 ± 0.33 ) % {�− p e+νe < 8 × 10−4 CL=90% 2021�−− anything ( 3.4 ± 1.7 )× 10−3 {�− anything < 8 × 10−3 CL=90% {�0 anything ( 3.7 ± 1.7 )× 10−3 {�0 N (N = p or n) < 1.2 × 10−3 CL=90% 1938� 0 anything, � 0 → �−π+ ( 1.93 ± 0.30 )× 10−4 S=1.1 {�+ , �+ → �−π+π+ ( 4.5 + 1.3

− 1.2 )× 10−4 {p/p anything [hh℄ ( 8.0 ± 0.4 ) % {p/p (diret) anything [hh℄ ( 5.5 ± 0.5 ) % {pe+νe anything < 5.9 × 10−4 CL=90% {�/� anything [hh℄ ( 4.0 ± 0.5 ) % {�−/�+ anything [hh℄ ( 2.7 ± 0.6 )× 10−3 {baryons anything ( 6.8 ± 0.6 ) % {
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106106106106 Meson Summary Tablepp anything ( 2.47 ± 0.23 ) % {�p/�p anything [hh℄ ( 2.5 ± 0.4 ) % {�� anything < 5 × 10−3 CL=90% {Lepton Family number (LF ) violating modes orLepton Family number (LF ) violating modes orLepton Family number (LF ) violating modes orLepton Family number (LF ) violating modes or�B = 1 weak neutral urrent (B1) modes�B = 1 weak neutral urrent (B1) modes�B = 1 weak neutral urrent (B1) modes�B = 1 weak neutral urrent (B1) modess e+ e− B1 ( 6.7 ± 1.7 )× 10−6 S=2.0 {sµ+µ− B1 ( 4.3 ± 1.0 )× 10−6 {s ℓ+ ℓ− B1 [sss℄ ( 5.8 ± 1.3 )× 10−6 S=1.8 {
πℓ+ ℓ− B1 < 5.9 × 10−8 CL=90% 2638

πe+ e− B1 < 1.10 × 10−7 CL=90% 2638
πµ+µ− B1 < 5.0 × 10−8 CL=90% 2634K e+ e− B1 ( 4.4 ± 0.6 )× 10−7 2617K∗(892)e+ e− B1 ( 1.19 ± 0.20 )× 10−6 S=1.2 2565K µ+µ− B1 ( 4.4 ± 0.4 )× 10−7 2612K∗(892)µ+µ− B1 ( 1.06 ± 0.09 )× 10−6 2560K ℓ+ ℓ− B1 ( 4.8 ± 0.4 )× 10−7 2617K∗(892)ℓ+ ℓ− B1 ( 1.05 ± 0.10 )× 10−6 2565K ν ν B1 < 1.6 × 10−5 CL=90% 2617K∗ν ν B1 < 2.7 × 10−5 CL=90% {

πν ν B1 < 8 × 10−6 CL=90% 2638
ρν ν B1 < 2.8 × 10−5 CL=90% 2583s e±µ∓ LF [hh℄ < 2.2 × 10−5 CL=90% {
πe±µ∓ LF < 9.2 × 10−8 CL=90% 2637
ρe±µ∓ LF < 3.2 × 10−6 CL=90% 2582K e±µ∓ LF < 3.8 × 10−8 CL=90% 2616K∗(892)e±µ∓ LF < 5.1 × 10−7 CL=90% 2563See Partile Listings for 4 deay modes that have been seen / not seen.B±/B0/B0s/b-baryon ADMIXTUREB±/B0/B0s/b-baryon ADMIXTUREB±/B0/B0s/b-baryon ADMIXTUREB±/B0/B0s/b-baryon ADMIXTUREThese measurements are for an admixture of bottom partiles at highenergy (LHC, LEP, Tevatron, SppS).Mean life τ = (1.566 ± 0.003)× 10−12 sMean life τ = (1.72± 0.10)×10−12 s Charged b-hadron admixtureMean life τ = (1.58 ± 0.14)× 10−12 s Neutral b-hadron admixture

τ harged b−hadron/τ neutral b−hadron = 1.09 ± 0.13
∣

∣�τ b∣∣/τ b,b = −0.001 ± 0.014Re(ǫb) / (1 + ∣

∣ǫb∣∣2) = (−1.3 ± 0.4)× 10−3The branhing fration measurements are for an admixture of B mesons andbaryons at energies above the �(4S). Only the highest energy results (LHC,LEP, Tevatron, SppS) are used in the branhing fration averages. In thefollowing, we assume that the prodution frations are the same at the LHC,LEP, and at the Tevatron.For inlusive branhing frations, e.g., B → D± anything, the values usuallyare multipliities, not branhing frations. They an be greater than one.The modes below are listed for a b initial state. bmodes are their hargeonjugates. Reations indiate the weak deay vertex and do not inlude mixing.
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Meson Summary Table 107107107107Sale fator/ pb DECAY MODESb DECAY MODESb DECAY MODESb DECAY MODES Fration (�i /�) Con�dene level (MeV/)PRODUCTION FRACTIONSPRODUCTION FRACTIONSPRODUCTION FRACTIONSPRODUCTION FRACTIONSThe prodution frations for weakly deaying b-hadrons at high energyhave been alulated from the best values of mean lives, mixing parame-ters, and branhing frations in this edition by the Heavy Flavor AveragingGroup (HFLAV) as desribed in the note \B0-B0 Mixing" in the B0Partile Listings. The prodution frations in b-hadroni Z deay or ppollisions at the Tevatron are also listed at the end of the setion. ValuesassumeB(b → B+) = B(b → B0)B(b → B+) + B(b → B0) +B(b → B0s ) + B(b → b -baryon) = 100%.The orrelation oeÆients between prodution frations are also re-ported:or(B0s , b-baryon) = −0.259or(B0s , B±=B0) = −0.133or(b-baryon, B±=B0) = −0.923.The notation for prodution frations varies in the literature (fd , dB0 ,f (b → B0), Br(b → B0)). We use our own branhing fration notationhere, B(b → B0).Note these prodution frations are b-hadronization frations, not the on-ventional branhing frations of b-quark to a B-hadron, whih may haveonsiderable dependene on the initial and �nal state kinemati and pro-dution environment.B+ ( 40.5 ± 0.6 ) % {B0 ( 40.5 ± 0.6 ) % {B0s ( 10.1 ± 0.4 ) % {b -baryon ( 8.9 ± 1.2 ) % {DECAY MODESDECAY MODESDECAY MODESDECAY MODESSemileptoni and leptoni modesSemileptoni and leptoni modesSemileptoni and leptoni modesSemileptoni and leptoni modes
ν anything ( 23.1 ± 1.5 ) % {

ℓ+νℓ anything [sss℄ ( 10.69± 0.22) % {e+ νe anything ( 10.86± 0.35) % {
µ+νµ anything ( 10.95+ 0.29

− 0.25) % {D− ℓ+νℓ anything [sss℄ ( 2.30± 0.34) % S=1.6 {D−π+ ℓ+νℓ anything ( 4.9 ± 1.9 )× 10−3 {D−π− ℓ+νℓ anything ( 2.6 ± 1.6 )× 10−3 {D0 ℓ+νℓ anything [sss℄ ( 6.83± 0.35) % {D0π− ℓ+νℓ anything ( 1.07± 0.27) % {D0π+ ℓ+νℓ anything ( 2.3 ± 1.6 )× 10−3 {D∗− ℓ+νℓ anything [sss℄ ( 2.75± 0.19) % {D∗−π− ℓ+νℓ anything ( 6 ± 7 )× 10−4 {D∗−π+ ℓ+νℓ anything ( 4.8 ± 1.0 )× 10−3 {D0j ℓ+νℓ anything × B(D0j →D∗+π−) [sss,ppaa℄ ( 2.6 ± 0.9 )× 10−3 {D−j ℓ+νℓ anything ×B(D−j → D0π−) [sss,ppaa℄ ( 7.0 ± 2.3 )× 10−3 {D∗2(2460)0 ℓ+νℓ anything
× B(D∗2(2460)0 →D∗−π+) < 1.4 × 10−3 CL=90% {
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108108108108 Meson Summary TableD∗2(2460)− ℓ+νℓ anything ×B(D∗2(2460)− → D0π−) ( 4.2 + 1.5
− 1.8 )× 10−3 {D∗2(2460)0 ℓ+νℓ anything ×B(D∗2(2460)0 → D−π+) ( 1.6 ± 0.8 )× 10−3 {harmless ℓνℓ [sss℄ ( 1.7 ± 0.5 )× 10−3 {

τ+ ντ anything ( 2.41± 0.23) % {D∗− τ ντ anything ( 9 ± 4 )× 10−3 { → ℓ−νℓ anything [sss℄ ( 8.02± 0.19) % { → ℓ+ν anything ( 1.6 + 0.4
− 0.5 ) % {Charmed meson and baryon modesCharmed meson and baryon modesCharmed meson and baryon modesCharmed meson and baryon modesD0 anything ( 59.5 ± 2.9 ) % {D0D±s anything [hh℄ ( 9.1 + 4.0
− 2.8 ) % {D∓D±s anything [hh℄ ( 4.0 + 2.3
− 1.8 ) % {D0D0 anything [hh℄ ( 5.1 + 2.0
− 1.8 ) % {D0D± anything [hh℄ ( 2.7 + 1.8
− 1.6 ) % {D±D∓ anything [hh℄ < 9 × 10−3 CL=90% {D− anything ( 23.7 ± 1.8 ) % {D∗(2010)+ anything ( 17.3 ± 2.0 ) % {D1(2420)0 anything ( 5.0 ± 1.5 ) % {D∗(2010)∓D±s anything [hh℄ ( 3.3 + 1.6
− 1.3 ) % {D0D∗(2010)± anything [hh℄ ( 3.0 + 1.1
− 0.9 ) % {D∗(2010)±D∓ anything [hh℄ ( 2.5 + 1.2
− 1.0 ) % {D∗(2010)±D∗(2010)∓ anything [hh℄ ( 1.2 ± 0.4 ) % {DD anything ( 10 +11
−10 ) % {D∗2(2460)0 anything ( 4.7 ± 2.7 ) % {D−s anything ( 14.7 ± 2.1 ) % {D+s anything ( 10.1 ± 3.1 ) % {�+ anything ( 7.8 ± 1.2 ) % { / anything [ooaa℄ (116.2 ± 3.2 ) % {Charmonium modesCharmonium modesCharmonium modesCharmonium modesJ/ψ(1S)anything ( 1.16± 0.10) % {

ψ(2S)anything ( 2.86± 0.28)× 10−3 {
χ0(1P)anything ( 1.5 ± 0.6 ) % {
χ1(1P)anything ( 1.4 ± 0.4 ) % {
χ2(1P)anything ( 6.2 ± 2.9 )× 10−3 {

χ (2P)anything, χ → φφ < 2.8 × 10−7 CL=95% {
η (1S)anything ( 4.5 ± 1.9 ) % {
η (2S)anything, η → φφ ( 3.2 ± 1.7 )× 10−6 {

χ1(3872)anything, χ1 →

φφ
< 4.5 × 10−7 CL=95% {X (3915)anything, X → φφ < 3.1 × 10−7 CL=95% {K or K∗ modesK or K∗ modesK or K∗ modesK or K∗ modess γ ( 3.1 ± 1.1 )× 10−4 {s ν ν B1 < 6.4 × 10−4 CL=90% {K± anything ( 74 ± 6 ) % {K0S anything ( 29.0 ± 2.9 ) % {
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Meson Summary Table 109109109109Pion modesPion modesPion modesPion modes
π± anything (397 ±21 ) % {
π0 anything [ooaa℄ (278 ±60 ) % {
φanything ( 2.82± 0.23) % {Baryon modesBaryon modesBaryon modesBaryon modesp/panything ( 13.1 ± 1.1 ) % {�/�anything ( 5.9 ± 0.6 ) % {b -baryon anything ( 10.2 ± 2.8 ) % {Other modesOther modesOther modesOther modesharged anything [ooaa℄ (497 ± 7 ) % {hadron+ hadron− ( 1.7 + 1.0

− 0.7 )× 10−5 {harmless ( 7 ±21 )× 10−3 {�B = 1 weak neutral urrent (B1) modes�B = 1 weak neutral urrent (B1) modes�B = 1 weak neutral urrent (B1) modes�B = 1 weak neutral urrent (B1) modes
µ+µ− anything B1 < 3.2 × 10−4 CL=90% {B∗B∗B∗B∗ I (JP ) = 12 (1−)I , J , P need on�rmation. Quantum numbers shown are quark-modelpreditions.Mass mB∗

= 5324.65 ± 0.25 MeVmB∗
− mB = 45.18 ± 0.23 MeVmB∗+ − mB+ = 45.34 ± 0.23 MeVB∗ DECAY MODESB∗ DECAY MODESB∗ DECAY MODESB∗ DECAY MODES Fration (�i /�) p (MeV/)B γ dominant 45B1(5721)+B1(5721)+B1(5721)+B1(5721)+ I (JP ) = 12 (1+)I, J, P need on�rmation.Mass m = 5725.9+2.5

−2.7 MeVmB+1 − mB∗0 = 401.2+2.4
−2.7 MeVFull width � = 31 ± 6 MeV (S = 1.1)B1(5721)0B1(5721)0B1(5721)0B1(5721)0 I (JP ) = 12 (1+)I, J, P need on�rmation.B1(5721)0 MASS = 5726.0 ± 1.3 MeV (S = 1.2)mB01 − mB+ = 446.7 ± 1.3 MeV (S = 1.2)mB01 − mB∗+ = 401.4 ± 1.2 MeV (S = 1.2)Full width � = 27.5 ± 3.4 MeV (S = 1.1)B1(5721)0 DECAY MODESB1(5721)0 DECAY MODESB1(5721)0 DECAY MODESB1(5721)0 DECAY MODES Fration (�i /�) p (MeV/)B∗+π− dominant 363
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110110110110 Meson Summary TableB∗2(5747)+B∗2(5747)+B∗2(5747)+B∗2(5747)+ I (JP ) = 12 (2+)I, J, P need on�rmation.Mass m = 5737.2 ± 0.7 MeVmB∗+2 − mB0 = 457.5 ± 0.7 MeVFull width � = 20 ± 5 MeV (S = 2.2)B∗2(5747)0B∗2(5747)0B∗2(5747)0B∗2(5747)0 I (JP ) = 12 (2+)I, J, P need on�rmation.B∗2(5747)0 MASS = 5739.5 ± 0.7 MeV (S = 1.4)mB∗02 − mB01 = 13.5 ± 1.4 MeV (S = 1.3)mB∗02 − mB+ = 460.2 ± 0.6 MeV (S = 1.4)Full width � = 24.2 ± 1.7 MeVB∗2(5747)0 DECAY MODESB∗2(5747)0 DECAY MODESB∗2(5747)0 DECAY MODESB∗2(5747)0 DECAY MODES Fration (�i /�) p (MeV/)B+π− dominant 421B∗+π− dominant 377BJ(5970)+BJ(5970)+BJ(5970)+BJ(5970)+ I (JP ) = 12 (??)I, J, P need on�rmation.Mass m = 5964 ± 5 MeVmBJ(5970)+ − mB0 = 685 ± 5 MeVFull width � = 62 ± 20 MeVBJ(5970)0BJ(5970)0BJ(5970)0BJ(5970)0 I (JP ) = 12 (??)I, J, P need on�rmation.Mass m = 5971 ± 5 MeVmBJ(5970)0 − mB+ = 691 ± 5 MeVFull width � = 81 ± 12 MeVBOTTOM, STRANGEMESONSBOTTOM, STRANGEMESONSBOTTOM, STRANGEMESONSBOTTOM, STRANGEMESONS(B= ±1, S=∓1)(B= ±1, S=∓1)(B= ±1, S=∓1)(B= ±1, S=∓1)B0s = sb, B0s = s b, similarly for B∗s 'sB0sB0sB0sB0s I (JP ) = 0(0−)I , J , P need on�rmation. Quantum numbers shown are quark-modelpreditions.Mass mB0s = 5366.89 ± 0.19 MeVmB0s − mB = 87.42 ± 0.19 MeVMean life τ = (1.509 ± 0.004)× 10−12 sτ = 452.4 µm��B0s = �B0s L − �B0s H = (0.088 ± 0.006)× 1012 s−1
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Meson Summary Table 111111111111B0s -B0s mixing parametersB0s -B0s mixing parametersB0s -B0s mixing parametersB0s -B0s mixing parameters�mB0s = mB0s H { mB0s L = (17.757 ± 0.021)× 1012 �h s−1= (1.1688 ± 0.0014)× 10−8 MeVxs = �mB0s /�B0s = 26.79 ± 0.08
χs = 0.499307 ± 0.000004CP violation parameters in B0sCP violation parameters in B0sCP violation parameters in B0sCP violation parameters in B0sRe(ǫB0s ) / (1 + ∣

∣ǫB0s ∣∣2) = (−0.15 ± 0.70)× 10−3CK K (B0s → K+K−) = 0.14 ± 0.11SK K (B0s → K+K−) = 0.30 ± 0.13rB(B0s → D∓s K±) = 0.53 ± 0.17
δB(B0s → D±s K∓) = (3 ± 20)◦CP Violation phase βs = (1.1 ± 1.6)× 10−2 rad
∣

∣λ
∣

∣ (B0s → J/ψ(1S)φ) = 0.964 ± 0.020
∣

∣λ
∣

∣ = 1.001 ± 0.017A, CP violation parameter = 0.5+0.8
−0.7C, CP violation parameter = −0.3 ± 0.4S, CP violation parameter = −0.1 ± 0.4AL

CP (Bs → J/ψK∗(892)0) = −0.05 ± 0.06A‖

CP
(Bs → J/ψK∗(892)0) = 0.17 ± 0.15A⊥

CP (Bs → J/ψK∗(892)0) = −0.05 ± 0.10ACP (Bs → π+K−)ACP (Bs → π+K−)ACP (Bs → π+K−)ACP (Bs → π+K−) = 0.26 ± 0.04ACP (B0s → [K+K− ℄DK∗(892)0) = −0.04 ± 0.07ACP (B0s → [π+K− ℄DK∗(892)0) = −0.01 ± 0.04ACP (B0s → [π+π− ℄DK∗(892)0) = 0.06 ± 0.13A�(Bs → φγ) = −1.0 ± 0.5�a⊥ < 1.2× 10−12 GeV, CL = 95%�a‖ = (−0.9 ± 1.5)× 10−14 GeV�aX = (1.0 ± 2.2)× 10−14 GeV�aY = (−3.8 ± 2.2)× 10−14 GeVRe(ξ) = −0.022 ± 0.033Im(ξ) = 0.004 ± 0.011These branhing frations all sale with B(b → B0s ).The branhing fration B(B0s → D−s ℓ+ νℓ anything) is not a pure measure-ment sine the measured produt branhing fration B(b → B0s ) × B(B0s →D−s ℓ+ νℓ anything) was used to determine B(b → B0s ), as desribed in thenote on \B0-B0 Mixing"For inlusive branhing frations, e.g., B → D± anything, the values usuallyare multipliities, not branhing frations. They an be greater than one.Sale fator/ pB0s DECAY MODESB0s DECAY MODESB0s DECAY MODESB0s DECAY MODES Fration (�i /�) Con�dene level (MeV/)D−s anything (93 ±25 ) % {
ℓνℓX ( 9.6 ± 0.8 ) % {e+ νX− ( 9.1 ± 0.8 ) % {
µ+νX− (10.2 ± 1.0 ) % {D−s ℓ+νℓ anything [qqaa℄ ( 8.1 ± 1.3 ) % {D∗−s ℓ+νℓ anything ( 5.4 ± 1.1 ) % {
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112112112112 Meson Summary TableDs1(2536)−µ+ νµ, D−s1 →D∗−K0S ( 2.6 ± 0.7 )× 10−3 {Ds1(2536)−X µ+ν, D−s1 →D0K+ ( 4.4 ± 1.3 )× 10−3 {Ds2(2573)−X µ+ν, D−s2 →D0K+ ( 2.7 ± 1.0 )× 10−3 {D−s π+ ( 3.00± 0.23)× 10−3 2320D−s ρ+ ( 6.9 ± 1.4 )× 10−3 2249D−s π+π+π− ( 6.1 ± 1.0 )× 10−3 2301Ds1(2536)−π+, D−s1 →D−s π+π−

( 2.5 ± 0.8 )× 10−5 {D∓s K± ( 2.27± 0.19)× 10−4 2293D−s K+π+π− ( 3.2 ± 0.6 )× 10−4 2249D+s D−s ( 4.4 ± 0.5 )× 10−3 1824D−s D+ ( 2.8 ± 0.5 )× 10−4 1875D+D− ( 2.2 ± 0.6 )× 10−4 1925D0D0 ( 1.9 ± 0.5 )× 10−4 1930D∗−s π+ ( 2.0 ± 0.5 )× 10−3 2265D∗∓s K± ( 1.33± 0.35)× 10−4 {D∗−s ρ+ ( 9.6 ± 2.1 )× 10−3 2191D∗+s D−s + D∗−s D+s ( 1.38± 0.16) % 1742D∗+s D∗−s ( 1.44± 0.20) % S=1.1 1655D(∗)+s D(∗)−s ( 4.5 ± 1.4 ) % {D∗0K0 ( 2.8 ± 1.1 )× 10−4 2278D0K0 ( 4.3 ± 0.9 )× 10−4 2330D0K−π+ ( 1.04± 0.13)× 10−3 2312D0K∗(892)0 ( 4.4 ± 0.6 )× 10−4 2264D0K∗(1410) ( 3.9 ± 3.5 )× 10−4 2114D0K∗0(1430) ( 3.0 ± 0.7 )× 10−4 2113D0K∗2(1430) ( 1.1 ± 0.4 )× 10−4 2113D0K∗(1680) < 7.8 × 10−5 CL=90% 1997D0K∗0(1950) < 1.1 × 10−4 CL=90% 1890D0K∗3(1780) < 2.6 × 10−5 CL=90% 1971D0K∗4(2045) < 3.1 × 10−5 CL=90% 1837D0K−π+ (non-resonant) ( 2.1 ± 0.8 )× 10−4 2312D∗s2(2573)−π+, D∗s2 →D0K−

( 2.6 ± 0.4 )× 10−4 {D∗s1(2700)−π+, D∗s1 →D0K−

( 1.6 ± 0.8 )× 10−5 {D∗s1(2860)−π+, D∗s1 →D0K−

( 5 ± 4 )× 10−5 {D∗s3(2860)−π+, D∗s3 →D0K−

( 2.2 ± 0.6 )× 10−5 {D0K+K− ( 4.4 ± 2.0 )× 10−5 2243D0 f0(980) < 3.1 × 10−6 CL=90% 2242D0φ ( 3.0 ± 0.8 )× 10−5 2235D∗∓π±
< 6.1 × 10−6 CL=90% {

η φ ( 5.0 ± 0.9 )× 10−4 1663
η π+π− ( 1.8 ± 0.7 )× 10−4 1840J/ψ(1S)φ ( 1.08± 0.08)× 10−3 1588J/ψ(1S)φφ ( 1.24+ 0.17

− 0.19)× 10−5 764J/ψ(1S)π0 < 1.2 × 10−3 CL=90% 1787
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Meson Summary Table 113113113113J/ψ(1S)η ( 4.0 ± 0.7 )× 10−4 S=1.4 1733J/ψ(1S)K0S ( 1.88± 0.15)× 10−5 1743J/ψ(1S)K∗(892)0 ( 4.1 ± 0.4 )× 10−5 1637J/ψ(1S)η′ ( 3.3 ± 0.4 )× 10−4 1612J/ψ(1S)π+π− ( 2.09± 0.23)× 10−4 S=1.3 1775J/ψ(1S) f0(500), f0 → π+π−
< 4 × 10−6 CL=90% {J/ψ(1S)ρ, ρ → π+π−
< 4 × 10−6 CL=90% {J/ψ(1S) f0(980), f0 → π+π− ( 1.28± 0.18)× 10−4 S=1.7 {J/ψ(1S) f2(1270), f2 →

π+π−

( 1.1 ± 0.4 )× 10−6 {J/ψ(1S) f2(1270)0, f2 →

π+π−

( 7.5 ± 1.8 )× 10−7 {J/ψ(1S) f2(1270)‖, f2 →

π+π−

( 1.09± 0.34)× 10−6 {J/ψ(1S) f2(1270)⊥, f2 →

π+π−

( 1.3 ± 0.8 )× 10−6 {J/ψ(1S) f0(1370), f0 →

π+π−

( 4.5 + 0.7
− 4.0 )× 10−5 {J/ψ(1S) f0(1500), f0 →

π+π−

( 2.11+ 0.40
− 0.29)× 10−5 {J/ψ(1S) f ′2(1525)0, f ′2 →

π+π−

( 1.07± 0.24)× 10−6 {J/ψ(1S) f ′2(1525)‖, f ′2 →

π+π−

( 1.3 + 2.7
− 0.9 )× 10−7 {J/ψ(1S) f ′2(1525)⊥, f ′2 →

π+π−

( 5 ± 4 )× 10−7 {J/ψ(1S) f0(1790), f0 →

π+π−

( 5.0 +11.0
− 1.1 )× 10−6 {J/ψ(1S)π+π− (nonresonant) ( 1.8 + 1.1
− 0.4 )× 10−5 1775J/ψ(1S)K0π+π−

< 4.4 × 10−5 CL=90% 1675J/ψ(1S)K+K− ( 7.9 ± 0.7 )× 10−4 1601J/ψ(1S)K0K−π++ .. ( 9.3 ± 1.3 )× 10−4 1538J/ψ(1S)K0K+K−
< 1.2 × 10−5 CL=90% 1333J/ψ(1S) f ′2(1525) ( 2.6 ± 0.6 )× 10−4 1304J/ψ(1S)pp < 4.8 × 10−6 CL=90% 982J/ψ(1S)γ < 7.3 × 10−6 CL=90% 1790J/ψ(1S)π+π−π+π− ( 7.8 ± 1.0 )× 10−5 1731J/ψ(1S) f1(1285) ( 7.0 ± 1.4 )× 10−5 1460

ψ(2S)η ( 3.3 ± 0.9 )× 10−4 1338
ψ(2S)η′ ( 1.29± 0.35)× 10−4 1158
ψ(2S)π+π− ( 7.1 ± 1.3 )× 10−5 1397
ψ(2S)φ ( 5.4 ± 0.6 )× 10−4 1120
ψ(2S)K−π+ ( 3.12± 0.30)× 10−5 1310
ψ(2S)K∗(892)0 ( 3.3 ± 0.5 )× 10−5 1196
χ1φ ( 2.04± 0.30)× 10−4 1274
π+π− ( 7.0 ± 0.8 )× 10−7 2680
π0π0 < 2.1 × 10−4 CL=90% 2680
ηπ0 < 1.0 × 10−3 CL=90% 2654
ηη < 1.5 × 10−3 CL=90% 2627
ρ0 ρ0 < 3.20 × 10−4 CL=90% 2569
η′ η′ ( 3.3 ± 0.7 )× 10−5 2507
η′φ < 8.2 × 10−7 CL=90% 2495

φ f0(980), f0(980) → π+π− ( 1.12± 0.21)× 10−6 {
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114114114114 Meson Summary Table
φ f2(1270), f2(1270) →

π+π−

( 6.1 + 1.8
− 1.5 )× 10−7 {

φρ0 ( 2.7 ± 0.8 )× 10−7 2526
φπ+π− ( 3.5 ± 0.5 )× 10−6 2579

φφ ( 1.87± 0.15)× 10−5 2482
φφφ ( 2.2 ± 0.7 )× 10−6 2165
π+K− ( 5.7 ± 0.6 )× 10−6 2659K+K− ( 2.59± 0.17)× 10−5 2638K0K0 ( 2.0 ± 0.6 )× 10−5 2637K0π+π− ( 9.4 ± 2.1 )× 10−6 2653K0K±π∓ ( 8.4 ± 0.9 )× 10−5 2622K∗(892)−π+ ( 3.3 ± 1.2 )× 10−6 2607K∗(892)±K∓ ( 1.25± 0.26)× 10−5 2585K0S K∗(892)0+ .. ( 1.6 ± 0.4 )× 10−5 2585K0K+K− ( 1.3 ± 0.6 )× 10−6 2568K∗(892)0 ρ0 < 7.67 × 10−4 CL=90% 2550K∗(892)0K∗(892)0 ( 1.11± 0.27)× 10−5 2531
φK∗(892)0 ( 1.14± 0.30)× 10−6 2507pp < 1.5 × 10−8 CL=90% 2514ppK+K− ( 4.5 ± 0.5 )× 10−6 2231ppK+π− ( 1.39± 0.26)× 10−6 2355ppπ+π− ( 4.3 ± 2.0 )× 10−7 2454p�K−+ .. ( 5.5 ± 1.0 )× 10−6 2358�− �π+ ( 3.6 ± 1.6 )× 10−4 {�− �+ < 8.0 × 10−5 CL=95% {Lepton Family number (LF ) violating modes orLepton Family number (LF ) violating modes orLepton Family number (LF ) violating modes orLepton Family number (LF ) violating modes or�B = 1 weak neutral urrent (B1) modes�B = 1 weak neutral urrent (B1) modes�B = 1 weak neutral urrent (B1) modes�B = 1 weak neutral urrent (B1) modes
γ γ B1 < 3.1 × 10−6 CL=90% 2683
φγ B1 ( 3.4 ± 0.4 )× 10−5 2587
µ+µ− B1 ( 2.7 + 0.6

− 0.5 )× 10−9 S=1.2 2681e+ e− B1 < 2.8 × 10−7 CL=90% 2683
τ+ τ− B1 < 6.8 × 10−3 CL=95% 2011
µ+µ−µ+µ− B1 < 2.5 × 10−9 CL=95% 2673S P, S → µ+µ−,P → µ+µ−

B1 [ggaa℄ < 2.2 × 10−9 CL=95% {
φ(1020)µ+µ− B1 ( 8.2 ± 1.2 )× 10−7 2582
π+π−µ+µ− B1 ( 8.4 ± 1.7 )× 10−8 2670
φν ν B1 < 5.4 × 10−3 CL=90% 2587e±µ∓ LF [hh℄ < 1.1 × 10−8 CL=90% 2682B∗sB∗sB∗sB∗s I (JP ) = 0(1−)I , J , P need on�rmation. Quantum numbers shown are quark-modelpreditions.Mass m = 5415.4+1.8

−1.5 MeV (S = 2.9)mB∗

s
− mBs = 48.5+1.8

−1.5 MeV (S = 2.8)B∗s DECAY MODESB∗s DECAY MODESB∗s DECAY MODESB∗s DECAY MODES Fration (�i /�) p (MeV/)Bs γ dominant 48
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Meson Summary Table 115115115115Bs1(5830)0Bs1(5830)0Bs1(5830)0Bs1(5830)0 I (JP ) = 0(1+)I, J, P need on�rmation.Mass m = 5828.63 ± 0.27 MeVmB0s1 − mB∗+ = 503.98 ± 0.18 MeVFull width � = 0.5 ± 0.4 MeVBs1(5830)0 DECAY MODESBs1(5830)0 DECAY MODESBs1(5830)0 DECAY MODESBs1(5830)0 DECAY MODES Fration (�i /�) p (MeV/)B∗+K− dominant 97B∗s2(5840)0B∗s2(5840)0B∗s2(5840)0B∗s2(5840)0 I (JP ) = 0(2+)I, J, P need on�rmation.Mass m = 5839.85 ± 0.17 MeV (S = 1.1)mB∗0s2 − mB+ = 560.53 ± 0.17 MeV (S = 1.1)Full width � = 1.47 ± 0.33 MeVB∗s2(5840)0 DECAY MODESB∗s2(5840)0 DECAY MODESB∗s2(5840)0 DECAY MODESB∗s2(5840)0 DECAY MODES Fration (�i /�) p (MeV/)B+K− dominant 252BOTTOM,CHARMEDMESONSBOTTOM,CHARMEDMESONSBOTTOM,CHARMEDMESONSBOTTOM,CHARMEDMESONS(B=C=±1)(B=C=±1)(B=C=±1)(B=C=±1)B+ = b, B− =  b, similarly for B∗ 'sB+B+B+B+ I (JP ) = 0(0−)I, J, P need on�rmation.Quantum numbers shown are quark-model prediitions.Mass m = 6274.9 ± 0.8 MeVMean life τ = (0.507 ± 0.009)× 10−12 sB− modes are harge onjugates of the modes below. pB+ DECAY MODES × B(b → B )B+ DECAY MODES × B(b → B )B+ DECAY MODES × B(b → B )B+ DECAY MODES × B(b → B ) Fration (�i /�) Con�dene level (MeV/)The following quantities are not pure branhing ratios; rather the fration�i /� × B(b → B ).J/ψ(1S)ℓ+νℓ anything (8.1 ±1.2 )× 10−5 {J/ψ(1S)a1(1260) < 1.2 × 10−3 90% 2169
χ0 π+ (2.4 +0.9

−0.8 ) × 10−5 2205D0K+ (3.8 +1.2
−1.0 ) × 10−7 2837D0π+ < 1.6 × 10−7 95% 2858D∗0π+ < 4 × 10−7 95% 2815D∗0K+

< 4 × 10−7 95% 2793D∗(2010)+D0
< 6.2 × 10−3 90% 2467D+K∗0
< 0.20 × 10−6 90% 2783D+K∗0
< 0.16 × 10−6 90% 2783D+s K∗0
< 0.28 × 10−6 90% 2751D+s K∗0
< 0.4 × 10−6 90% 2751
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116116116116 Meson Summary TableD+s φ < 0.32 × 10−6 90% 2727K+K0
< 4.6 × 10−7 90% 3098B0s π+ / B(b → Bs ) (2.37+0.37

−0.35) × 10−3 {See Partile Listings for 14 deay modes that have been seen / not seen. MESONS MESONS MESONS MESONS(inluding possibly non-qq states)(inluding possibly non-qq states)(inluding possibly non-qq states)(inluding possibly non-qq states)
η(1S)η(1S)η(1S)η(1S) IG (JPC ) = 0+(0−+)Mass m = 2983.9 ± 0.5 MeV (S = 1.3)Full width � = 32.0 ± 0.8 MeV p

η (1S) DECAY MODESη (1S) DECAY MODESη (1S) DECAY MODESη (1S) DECAY MODES Fration (�i /�) Con�dene level (MeV/)Deays involving hadroni resonanesDeays involving hadroni resonanesDeays involving hadroni resonanesDeays involving hadroni resonanes
η′(958)ππ ( 4.1 ±1.7 ) % 1323
ρρ ( 1.8 ±0.5 ) % 1275K∗(892)0K−π++ .. ( 2.0 ±0.7 ) % 1278K∗(892)K∗(892) ( 7.1 ±1.3 )× 10−3 1196K∗(892)0K∗(892)0π+π− ( 1.1 ±0.5 ) % 1073
φK+K− ( 2.9 ±1.4 )× 10−3 1104
φφ ( 1.79±0.20)× 10−3 1089
φ2(π+π−) < 4 × 10−3 90% 1251a0(980)π < 2 % 90% 1327a2(1320)π < 2 % 90% 1196K∗(892)K+ .. < 1.28 % 90% 1310f2(1270)η < 1.1 % 90% 1145
ωω < 3.1 × 10−3 90% 1270
ωφ < 2.5 × 10−4 90% 1185f2(1270)f2(1270) ( 9.8 ±2.5 )× 10−3 774f2(1270)f ′2(1525) ( 9.8 ±3.2 )× 10−3 513Deays into stable hadronsDeays into stable hadronsDeays into stable hadronsDeays into stable hadronsK K π ( 7.3 ±0.5 ) % 1381K K η ( 1.36±0.16) % 1265
ηπ+π− ( 1.7 ±0.5 ) % 1428
η2(π+π−) ( 4.4 ±1.3 ) % 1386K+K−π+π− ( 6.9 ±1.1 )× 10−3 1345K+K−π+π−π0 ( 3.5 ±0.6 ) % 1304K0K−π+π−π++.. ( 5.6 ±1.5 ) % {K+K−2(π+π−) ( 7.5 ±2.4 )× 10−3 12542(K+K−) ( 1.47±0.31)× 10−3 1055
π+π−π0 < 5 × 10−4 90% 1476
π+π−π0π0 ( 4.7 ±1.0 ) % 14602(π+π−) ( 9.7 ±1.2 )× 10−3 14592(π+π−π0) (17.4 ±3.3 ) % 14093(π+π−) ( 1.8 ±0.4 ) % 1407pp ( 1.52±0.16)× 10−3 1160ppπ0 ( 3.6 ±1.3 )× 10−3 1101�� ( 1.09±0.24)× 10−3 991�+�− ( 2.1 ±0.6 )× 10−3 901
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Meson Summary Table 117117117117�−�+ ( 9.0 ±2.6 )× 10−4 692
π+π−pp ( 5.3 ±1.8 )× 10−3 1027Radiative deaysRadiative deaysRadiative deaysRadiative deays
γ γ ( 1.57±0.12)× 10−4 1492Charge onjugation (C), Parity (P),Charge onjugation (C), Parity (P),Charge onjugation (C), Parity (P),Charge onjugation (C), Parity (P),Lepton family number (LF) violating modesLepton family number (LF) violating modesLepton family number (LF) violating modesLepton family number (LF) violating modes
π+π− P,CP < 1.1 × 10−4 90% 1485
π0π0 P,CP < 4 × 10−5 90% 1486K+K− P,CP < 6 × 10−4 90% 1408K0S K0S P,CP < 3.1 × 10−4 90% 1406See Partile Listings for 11 deay modes that have been seen / not seen.J/ψ(1S)J/ψ(1S)J/ψ(1S)J/ψ(1S) IG (JPC ) = 0−(1−−)Mass m = 3096.900 ± 0.006 MeVFull width � = 92.9 ± 2.8 keV (S = 1.1)�e e = 5.55 ± 0.14 ± 0.02 keV Sale fator/ pJ/ψ(1S) DECAY MODESJ/ψ(1S) DECAY MODESJ/ψ(1S) DECAY MODESJ/ψ(1S) DECAY MODES Fration (�i /�) Con�dene level (MeV/)hadrons (87.7 ± 0.5 ) % {virtualγ → hadrons (13.50 ± 0.30 ) % {g g g (64.1 ± 1.0 ) % {

γ g g ( 8.8 ± 1.1 ) % {e+ e− ( 5.971± 0.032) % 1548e+ e−γ [rraa℄ ( 8.8 ± 1.4 ) × 10−3 1548
µ+µ− ( 5.961± 0.033) % 1545Deays involving hadroni resonanesDeays involving hadroni resonanesDeays involving hadroni resonanesDeays involving hadroni resonanes
ρπ ( 1.69 ± 0.15 ) % S=2.4 1448

ρ0π0 ( 5.6 ± 0.7 ) × 10−3 1448
ρ(770)∓K±K0S ( 1.9 ± 0.4 ) × 10−3 {

ρ(1450)π → π+π−π0 ( 2.3 ± 0.7 ) × 10−3 {
ρ(1450)±π∓

→ K0S K±π∓ ( 3.5 ± 0.6 ) × 10−4 {
ρ(1450)0π0 → K+K−π0 ( 2.0 ± 0.5 ) × 10−4 {

ρ(1450)η′(958) →
π+π−η′(958) ( 3.3 ± 0.7 ) × 10−6 {

ρ(1700)π → π+π−π0 ( 1.7 ± 1.1 ) × 10−4 {
ρ(2150)π → π+π−π0 ( 8 ±40 ) × 10−6 {a2(1320)ρ ( 1.09 ± 0.22 ) % 1123

ωπ+π+π−π− ( 8.5 ± 3.4 ) × 10−3 1392
ωπ+π−π0 ( 4.0 ± 0.7 ) × 10−3 1418
ωπ+π− ( 8.6 ± 0.7 ) × 10−3 S=1.1 1435

ω f2(1270) ( 4.3 ± 0.6 ) × 10−3 1142K∗(892)0K∗(892)0 ( 2.3 ± 0.6 ) × 10−4 1266K∗(892)±K∗(892)∓ ( 1.00 + 0.22
− 0.40 )× 10−3 1266K∗(892)±K∗(700)∓ ( 1.1 + 1.0
− 0.6 )× 10−3 {K0S π−K∗(892)++ .. ( 2.0 ± 0.5 ) × 10−3 1342K0S π−K∗(892)++ .. →K0S K0S π+π−

( 6.7 ± 2.2 ) × 10−4 {
ηK∗(892)0K∗(892)0 ( 1.15 ± 0.26 ) × 10−3 1003K∗(1410)K+. →K±K∓π0 ( 4.9 ± 2.8 ) × 10−5 {
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118118118118 Meson Summary TableK∗(1410)K+ .. →K0S K±π∓

( 8 ± 6 )× 10−5 {K∗2(1430)K+.. →K±K∓π0 ( 7.5 ± 3.5 )× 10−5 {K∗2(1430)K+ .. →K0S K±π∓

( 4.0 ± 1.0 )× 10−4 {K∗(892)0K∗2(1430)0+ .. ( 4.66 ± 0.31 )× 10−3 1012K∗(892)+K∗2(1430)−+ .. ( 3.4 ± 2.9 )× 10−3 1012K∗(892)+K∗2(1430)−+ .. →K∗(892)+K0S π−+ .. ( 4 ± 4 )× 10−4 {K∗(892)0K2(1770)0+ .. →K∗(892)0K−π++ .. ( 6.9 ± 0.9 )× 10−4 {
ωK∗(892)K+ .. ( 6.1 ± 0.9 )× 10−3 1097K K∗(892)+.. →K0S K±π∓

( 5.1 ± 0.5 )× 10−3 {K+K∗(892)−+ .. ( 5.12 ± 0.30 )× 10−3 1373K+K∗(892)−+ .. →K+K−π0 ( 1.97 ± 0.20 )× 10−3 {K+K∗(892)−+ .. →K0K±π∓+ .. ( 3.0 ± 0.4 )× 10−3 {K0K∗(892)0+ .. ( 4.39 ± 0.31 )× 10−3 1373K0K∗(892)0+ .. →K0K±π∓+ .. ( 3.2 ± 0.4 )× 10−3 {K1(1400)±K∓ ( 3.8 ± 1.4 )× 10−3 1170K∗(892)±K∓π0 ( 4.1 ± 1.3 )× 10−3 1344K∗(892)0K0S π0 ( 6 ± 4 )× 10−4 1343
ωπ0π0 ( 3.4 ± 0.8 )× 10−3 1436b1(1235)±π∓ [hh℄ ( 3.0 ± 0.5 )× 10−3 1300
ωK±K0S π∓ [hh℄ ( 3.4 ± 0.5 )× 10−3 1210b1(1235)0π0 ( 2.3 ± 0.6 )× 10−3 1300
ηK±K0S π∓ [hh℄ ( 2.2 ± 0.4 )× 10−3 1278
φK∗(892)K+ .. ( 2.18 ± 0.23 )× 10−3 969
ωK K ( 1.70 ± 0.32 )× 10−3 1268

ω f0(1710) → ωKK ( 4.8 ± 1.1 )× 10−4 878
φ2(π+π−) ( 1.66 ± 0.23 )× 10−3 1318�(1232)++pπ− ( 1.6 ± 0.5 )× 10−3 1030
ωη ( 1.74 ± 0.20 )× 10−3 S=1.6 1394
φK K ( 1.77 ± 0.16 )× 10−3 S=1.3 1179
φK0S K0S ( 5.9 ± 1.5 )× 10−4 1176

φ f0(1710) → φK K ( 3.6 ± 0.6 )× 10−4 875
φK+K− ( 8.3 ± 1.2 )× 10−4 1179

φ f2(1270) ( 3.2 ± 0.6 )× 10−4 1036�(1232)++�(1232)−− ( 1.10 ± 0.29 )× 10−3 938� (1385)−� (1385)+ (or ..) [hh℄ ( 1.16 ± 0.05 )× 10−3 697� (1385)0� (1385)0 ( 1.07 ± 0.08 )× 10−3 697K+K− f ′2(1525) ( 1.04 ± 0.35 )× 10−3 892
φ f ′2(1525) ( 8 ± 4 )× 10−4 S=2.7 871
φπ+π− ( 8.7 ± 0.9 )× 10−4 S=1.4 1365
φπ0π0 ( 5.0 ± 1.0 )× 10−4 1366
φK±K0S π∓ [hh℄ ( 7.2 ± 0.8 )× 10−4 1114
ω f1(1420) ( 6.8 ± 2.4 )× 10−4 1062
φη ( 7.5 ± 0.8 )× 10−4 S=1.5 1320� 0� 0 ( 1.17 ± 0.04 )× 10−3 818� (1530)−�+ ( 5.9 ± 1.5 )× 10−4 600
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Meson Summary Table 119119119119pK−� (1385)0 ( 5.1 ± 3.2 ) × 10−4 646
ωπ0 ( 4.5 ± 0.5 ) × 10−4 S=1.4 1446

ωπ0 → π+π−π0 ( 1.7 ± 0.8 ) × 10−5 {
φη′(958) ( 4.6 ± 0.5 ) × 10−4 S=2.2 1192
φ f0(980) ( 3.2 ± 0.9 ) × 10−4 S=1.9 1178

φ f0(980) → φπ+π− ( 2.59 ± 0.34 ) × 10−4 {
φ f0(980) → φπ0π0 ( 1.8 ± 0.5 ) × 10−4 {

φπ0 f0(980) → φπ0π+π− ( 4.5 ± 1.0 ) × 10−6 {
φπ0 f0(980) → φπ0 p0π0 ( 1.7 ± 0.6 ) × 10−6 1045
ηφ f0(980) → ηφπ+π− ( 3.2 ± 1.0 ) × 10−4 {
φa0(980)0 → φηπ0 ( 5 ± 4 ) × 10−6 {� (1530)0� 0 ( 3.2 ± 1.4 ) × 10−4 608� (1385)−�+ (or ..) [hh℄ ( 3.1 ± 0.5 ) × 10−4 855
φ f1(1285) ( 2.6 ± 0.5 ) × 10−4 1032

φ f1(1285) → φπ0 f0(980) →
φπ0π+π−

( 9.4 ± 2.8 ) × 10−7 952
φ f1(1285) → φπ0 f0(980) →

φπ0π0π0 ( 2.1 ± 2.2 ) × 10−7 955
ηπ+π− ( 4.0 ± 1.7 ) × 10−4 1487

ηρ ( 1.93 ± 0.23 ) × 10−4 1396
ωη′(958) ( 1.89 ± 0.18 ) × 10−4 1279
ω f0(980) ( 1.4 ± 0.5 ) × 10−4 1267
ρη′(958) ( 8.1 ± 0.8 ) × 10−5 S=1.6 1281a2(1320)±π∓ [hh℄ < 4.3 × 10−3 CL=90% 1263K K∗2(1430)+ .. < 4.0 × 10−3 CL=90% 1159K1(1270)±K∓

< 3.0 × 10−3 CL=90% 1231K0S π−K∗2(1430)++ .. ( 3.6 ± 1.8 ) × 10−3 1117K0S π−K∗2(1430)++ .. →K0S K0S π+π−

( 4.5 ± 2.2 ) × 10−4 {K∗2(1430)0K∗2(1430)0 < 2.9 × 10−3 CL=90% 604
φπ0 3× 10−6 or 1× 10−7 1377
φη(1405) → φηπ+π− ( 2.0 ± 1.0 ) × 10−5 946
ω f ′2(1525) < 2.2 × 10−4 CL=90% 1003
ωX (1835) → ωpp < 3.9 × 10−6 CL=95% {
φX (1835) → φpp < 2.1 × 10−7 CL=90% {
φX (1835) → φηπ+π−

< 2.8 × 10−4 CL=90% 578
φX (1870) → φηπ+π−

< 6.13 × 10−5 CL=90% {
ηφ(2170) → ηφ f0(980) →

ηφπ+π−

( 1.2 ± 0.4 ) × 10−4 628
ηφ(2170) →

ηK∗(892)0K∗(892)0 < 2.52 × 10−4 CL=90% {� (1385)0�+ .. < 8.2 × 10−6 CL=90% 912�(1232)+p < 1 × 10−4 CL=90% 1100�(1520)�+ .. → γ�� < 4.1 × 10−6 CL=90% {�(1540)�(1540) →K0S pK−n+ .. < 1.1 × 10−5 CL=90% {�(1540)K−n → K0S pK−n < 2.1 × 10−5 CL=90% {�(1540)K0S p → K0S pK+n < 1.6 × 10−5 CL=90% {�(1540)K+n → K0S pK+n < 5.6 × 10−5 CL=90% {�(1540)K0S p → K0S pK−n < 1.1 × 10−5 CL=90% {�0� < 9 × 10−5 CL=90% 1032
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120120120120 Meson Summary TableDeays into stable hadronsDeays into stable hadronsDeays into stable hadronsDeays into stable hadrons2(π+π−)π0 ( 4.1 ± 0.5 ) % S=2.4 14963(π+π−)π0 ( 2.9 ± 0.6 ) % 1433
π+π−π0 ( 2.11 ± 0.07 ) % S=1.5 1533
π+π−π0K+K− ( 1.79 ± 0.29 ) % S=2.2 13684(π+π−)π0 ( 9.0 ± 3.0 )× 10−3 1345
π+π−K+K− ( 6.84 ± 0.32 )× 10−3 1407
π+π−K0S K0L ( 3.8 ± 0.6 )× 10−3 1406
π+π−K0S K0S ( 1.68 ± 0.19 )× 10−3 1406
π±π0K∓K0S ( 5.7 ± 0.5 )× 10−3 1408K+K−K0S K0S ( 4.1 ± 0.8 )× 10−4 1127
π+π−K+K−η ( 1.84 ± 0.28 )× 10−3 1221
π0π0K+K− ( 2.12 ± 0.23 )× 10−3 1410
π0π0K0S K0L ( 1.9 ± 0.4 )× 10−3 1408K K π ( 6.1 ± 1.0 )× 10−3 1442K+K−π0 ( 2.14 ± 0.24 )× 10−3 1442K0S K±π∓ ( 5.6 ± 0.5 )× 10−3 1440K0S K0Lπ0 ( 2.06 ± 0.27 )× 10−3 1440K∗(892)0K0+ .. →K0S K0Lπ0 ( 1.21 ± 0.18 )× 10−3 {K∗2(1430)0K0+ .. →K0S K0Lπ0 ( 4.3 ± 1.3 )× 10−4 {K0S K0L η ( 1.44 ± 0.34 )× 10−3 13282(π+π−) ( 3.57 ± 0.30 )× 10−3 15173(π+π−) ( 4.3 ± 0.4 )× 10−3 14662(π+π−π0) ( 1.62 ± 0.21 ) % 14682(π+π−)η ( 2.29 ± 0.24 )× 10−3 14463(π+π−)η ( 7.2 ± 1.5 )× 10−4 1379pp ( 2.121± 0.029)× 10−3 1232ppπ0 ( 1.19 ± 0.08 )× 10−3 S=1.1 1176ppπ+π− ( 6.0 ± 0.5 )× 10−3 S=1.3 1107ppπ+π−π0 [ssaa℄ ( 2.3 ± 0.9 )× 10−3 S=1.9 1033ppη ( 2.00 ± 0.12 )× 10−3 948ppρ < 3.1 × 10−4 CL=90% 774ppω ( 9.8 ± 1.0 )× 10−4 S=1.3 768ppη′(958) ( 2.1 ± 0.4 )× 10−4 596ppa0(980) → ppπ0 η ( 6.8 ± 1.8 )× 10−5 {ppφ ( 5.19 ± 0.33 )× 10−5 527nn ( 2.09 ± 0.16 )× 10−3 1231nnπ+π− ( 4 ± 4 )× 10−3 1106�+�− ( 1.50 ± 0.24 )× 10−3 992�0�0 ( 1.172± 0.031)× 10−3 S=1.4 9882(π+π−)K+K− ( 4.7 ± 0.7 )× 10−3 S=1.3 1320pnπ− ( 2.12 ± 0.09 )× 10−3 1174�−�+ ( 9.7 ± 0.8 )× 10−4 S=1.4 807�� ( 1.89 ± 0.08 )× 10−3 S=2.5 1074��−π+ (or ..) [hh℄ ( 8.3 ± 0.7 )× 10−4 S=1.2 950pK−� ( 8.9 ± 1.6 )× 10−4 8762(K+K−) ( 7.4 ± 0.7 )× 10−4 1131pK−�0 ( 2.9 ± 0.8 )× 10−4 819K+K− ( 2.86 ± 0.21 )× 10−4 1468K0S K0L ( 1.95 ± 0.11 )× 10−4 S=2.4 1466��π+π− ( 4.3 ± 1.0 )× 10−3 903��η ( 1.62 ± 0.17 )× 10−4 672
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Meson Summary Table 121121121121��π0 ( 3.8 ± 0.4 ) × 10−5 998�nK0S+ .. ( 6.5 ± 1.1 ) × 10−4 872
π+π− ( 1.47 ± 0.14 ) × 10−4 1542��+ .. ( 2.83 ± 0.23 ) × 10−5 1034K0S K0S < 1.4 × 10−8 CL=95% 1466Radiative deaysRadiative deaysRadiative deaysRadiative deays3γ ( 1.16 ± 0.22 ) × 10−5 15484γ < 9 × 10−6 CL=90% 15485γ < 1.5 × 10−5 CL=90% 1548
γπ0π0 ( 1.15 ± 0.05 ) × 10−3 1543
γ ηπ0 ( 2.14 ± 0.31 ) × 10−5 1497

γ a0(980)0 → γ ηπ0 < 2.5 × 10−6 CL=95% {
γ a2(1320)0 → γ ηπ0 < 6.6 × 10−6 CL=95% {

γ η (1S) ( 1.7 ± 0.4 ) % S=1.5 111
γ η (1S) → 3γ ( 3.8 + 1.3

− 1.0 )× 10−6 S=1.1 {
γπ+π−2π0 ( 8.3 ± 3.1 ) × 10−3 1518
γ ηππ ( 6.1 ± 1.0 ) × 10−3 1487

γ η2(1870) → γ ηπ+π− ( 6.2 ± 2.4 ) × 10−4 {
γ η(1405/1475) → γK K π [o℄ ( 2.8 ± 0.6 ) × 10−3 S=1.6 1223
γ η(1405/1475) → γ γ ρ0 ( 7.8 ± 2.0 ) × 10−5 S=1.8 1223
γ η(1405/1475) → γ ηπ+π− ( 3.0 ± 0.5 ) × 10−4 {
γ η(1405/1475) → γ γφ < 8.2 × 10−5 CL=95% {
γ ρρ ( 4.5 ± 0.8 ) × 10−3 1340
γ ρω < 5.4 × 10−4 CL=90% 1338
γ ρφ < 8.8 × 10−5 CL=90% 1258
γ η′(958) ( 5.13 ± 0.17 ) × 10−3 S=1.3 1400
γ 2π+2π− ( 2.8 ± 0.5 ) × 10−3 S=1.9 1517

γ f2(1270)f2(1270) ( 9.5 ± 1.7 ) × 10−4 878
γ f2(1270)f2(1270)(non reso-nant) ( 8.2 ± 1.9 ) × 10−4 {

γK+K−π+π− ( 2.1 ± 0.6 ) × 10−3 1407
γ f4(2050) ( 2.7 ± 0.7 ) × 10−3 891
γωω ( 1.61 ± 0.33 ) × 10−3 1336
γ η(1405/1475) → γ ρ0 ρ0 ( 1.7 ± 0.4 ) × 10−3 S=1.3 1223
γ f2(1270) ( 1.64 ± 0.12 ) × 10−3 S=1.3 1286
γ f0(1370) → γK K ( 4.2 ± 1.5 ) × 10−4 {
γ f0(1710) → γK K ( 1.00 + 0.11

− 0.09 )× 10−3 S=1.5 1075
γ f0(1710) → γππ ( 3.8 ± 0.5 ) × 10−4 {
γ f0(1710) → γωω ( 3.1 ± 1.0 ) × 10−4 {
γ f0(1710) → γ ηη ( 2.4 + 1.2

− 0.7 )× 10−4 {
γ η ( 1.104± 0.034) × 10−3 1500
γ f1(1420) → γK K π ( 7.9 ± 1.3 ) × 10−4 1220
γ f1(1285) ( 6.1 ± 0.8 ) × 10−4 1283
γ f1(1510) → γ ηπ+π− ( 4.5 ± 1.2 ) × 10−4 {
γ f ′2(1525) ( 5.7 + 0.8

− 0.5 )× 10−4 S=1.5 1173
γ f ′2(1525) → γ ηη ( 3.4 ± 1.4 ) × 10−5 {
γ f2(1640) → γωω ( 2.8 ± 1.8 ) × 10−4 {
γ f2(1910) → γωω ( 2.0 ± 1.4 ) × 10−4 {
γ f0(1800) → γωφ ( 2.5 ± 0.6 ) × 10−4 {
γ f2(1810) → γ ηη ( 5.4 + 3.5

− 2.4 )× 10−5 {
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122122122122 Meson Summary Table
γ f2(1950) →

γK∗(892)K∗(892) ( 7.0 ± 2.2 )× 10−4 {
γK∗(892)K∗(892) ( 4.0 ± 1.3 )× 10−3 1266
γφφ ( 4.0 ± 1.2 )× 10−4 S=2.1 1166
γ pp ( 3.8 ± 1.0 )× 10−4 1232
γ η(2225) ( 3.14 + 0.50

− 0.19 )× 10−4 752
γ η(1760) → γ ρ0ρ0 ( 1.3 ± 0.9 )× 10−4 1048
γ η(1760) → γωω ( 1.98 ± 0.33 )× 10−3 {
γX (1835) → γπ+π−η′ ( 2.77 + 0.34

− 0.40 )× 10−4 S=1.1 1006
γX (1835) → γ pp ( 7.7 + 1.5

− 0.9 )× 10−5 {
γX (1835) → γK0S K0S η ( 3.3 + 2.0

− 1.3 )× 10−5 {
γX (1840) → γ 3(π+π−) ( 2.4 + 0.7

− 0.8 )× 10−5 {
γ (K K π) [JPC = 0−+℄ ( 7 ± 4 )× 10−4 S=2.1 1442
γπ0 ( 3.49 + 0.33

− 0.30 )× 10−5 1546
γ ppπ+π−

< 7.9 × 10−4 CL=90% 1107
γ�� < 1.3 × 10−4 CL=90% 1074
γ f0(2100) → γ ηη ( 1.13 + 0.60

− 0.30 )× 10−4 {
γ f0(2100) → γππ ( 6.2 ± 1.0 )× 10−4 {
γ f0(2200) → γK K ( 5.9 ± 1.3 )× 10−4 {
γ fJ (2220) → γππ < 3.9 × 10−5 CL=90% {
γ fJ (2220) → γK K < 4.1 × 10−5 CL=90% {
γ fJ (2220) → γ pp ( 1.5 ± 0.8 )× 10−5 {
γ f2(2340) → γ ηη ( 5.6 + 2.4

− 2.2 )× 10−5 {
γ f0(1500) → γππ ( 1.09 ± 0.24 )× 10−4 1183
γ f0(1500) → γ ηη ( 1.7 + 0.6

− 1.4 )× 10−5 {
γA → γ invisible [ttaa℄ < 6.3 × 10−6 CL=90% {
γA0 → γµ+µ− [uuaa℄ < 5 × 10−6 CL=90% {Dalitz deaysDalitz deaysDalitz deaysDalitz deays
π0 e+ e− ( 7.6 ± 1.4 )× 10−7 1546
ηe+ e− ( 1.16 ± 0.09 )× 10−5 1500
η′(958)e+ e− ( 5.81 ± 0.35 )× 10−5 1400Weak deaysWeak deaysWeak deaysWeak deaysD− e+νe+ .. < 1.2 × 10−5 CL=90% 984D0 e+ e−+ .. < 8.5 × 10−8 CL=90% 987D−s e+νe+ .. < 1.3 × 10−6 CL=90% 923D∗−s e+νe+ .. < 1.8 × 10−6 CL=90% 828D−π++ .. < 7.5 × 10−5 CL=90% 977D0K0+ .. < 1.7 × 10−4 CL=90% 898D0K∗0+ .. < 2.5 × 10−6 CL=90% 670D−s π++ .. < 1.3 × 10−4 CL=90% 915D−s ρ++ .. < 1.3 × 10−5 CL=90% 663Charge onjugation (C ), Parity (P),Charge onjugation (C ), Parity (P),Charge onjugation (C ), Parity (P),Charge onjugation (C ), Parity (P),Lepton Family number (LF ) violating modesLepton Family number (LF ) violating modesLepton Family number (LF ) violating modesLepton Family number (LF ) violating modes
γ γ C < 2.7 × 10−7 CL=90% 1548
γφ C < 1.4 × 10−6 CL=90% 1381e±µ∓ LF < 1.6 × 10−7 CL=90% 1547e± τ∓ LF < 8.3 × 10−6 CL=90% 1039
µ± τ∓ LF < 2.0 × 10−6 CL=90% 1035
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Meson Summary Table 123123123123Other deaysOther deaysOther deaysOther deaysinvisible < 7 × 10−4 CL=90% {See Partile Listings for 4 deay modes that have been seen / not seen.
χ0(1P)χ0(1P)χ0(1P)χ0(1P) IG (JPC ) = 0+(0 + +)Mass m = 3414.71 ± 0.30 MeVFull width � = 10.8 ± 0.6 MeV Sale fator/ p

χ0(1P) DECAY MODESχ0(1P) DECAY MODESχ0(1P) DECAY MODESχ0(1P) DECAY MODES Fration (�i /�) Con�dene level (MeV/)Hadroni deaysHadroni deaysHadroni deaysHadroni deays2(π+π−) (2.34±0.18) % 1679
ρ0π+π− (9.1 ±2.9 )× 10−3 1607f0(980)f0(980) (6.6 ±2.1 )× 10−4 1391

π+π−π0π0 (3.3 ±0.4 ) % 1680
ρ+π−π0+ .. (2.9 ±0.4 ) % 16074π0 (3.3 ±0.4 )× 10−3 1681

π+π−K+K− (1.81±0.14) % 1580K∗0(1430)0K∗0(1430)0 →

π+π−K+K−

(9.8 +4.0
−2.8 ) × 10−4 {K∗0(1430)0K∗2(1430)0+ .. →

π+π−K+K−

(8.0 +2.0
−2.4 ) × 10−4 {K1(1270)+K−+ .. →

π+π−K+K−

(6.3 ±1.9 )× 10−3 {K1(1400)+K−+ .. →
π+π−K+K−

< 2.7 × 10−3 CL=90% {f0(980)f0(980) (1.6 +1.0
−0.9 ) × 10−4 1391f0(980)f0(2200) (7.9 +2.0
−2.5 ) × 10−4 584f0(1370)f0(1370) < 2.7 × 10−4 CL=90% 1019f0(1370)f0(1500) < 1.7 × 10−4 CL=90% 921f0(1370)f0(1710) (6.7 +3.5
−2.3 ) × 10−4 720f0(1500)f0(1370) < 1.3 × 10−4 CL=90% 921f0(1500)f0(1500) < 5 × 10−5 CL=90% 807f0(1500)f0(1710) < 7 × 10−5 CL=90% 557K+K−π+π−π0 (8.6 ±0.9 )× 10−3 1545K0S K±π∓π+π− (4.2 ±0.4 )× 10−3 1543K+K−π0π0 (5.6 ±0.9 )× 10−3 1582K+π−K0π0+ .. (2.49±0.33) % 1581

ρ+K−K0+ .. (1.21±0.21) % 1458K∗(892)−K+π0 →K+π−K0π0+ .. (4.6 ±1.2 )× 10−3 {K0S K0S π+π− (5.7 ±1.1 )× 10−3 1579K+K−ηπ0 (3.0 ±0.7 )× 10−3 14683(π+π−) (1.20±0.18) % 1633K+K∗(892)0π−+ .. (7.5 ±1.6 )× 10−3 1523K∗(892)0K∗(892)0 (1.7 ±0.6 )× 10−3 1456
ππ (8.51±0.33)× 10−3 1702
π0 η < 1.8 × 10−4 1661
π0 η′ < 1.1 × 10−3 1570
π0 η < 1.6 × 10−3 CL=90% 383
ηη (3.01±0.19)× 10−3 1617
ηη′ (9.1 ±1.1 )× 10−5 1521
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124124124124 Meson Summary Table
η′ η′ (2.17±0.12)× 10−3 1413
ωω (9.7 ±1.1 )× 10−4 1517
ωφ (1.18±0.22)× 10−4 1447
ωK+K− (1.94±0.21)× 10−3 1457K+K− (6.05±0.31)× 10−3 1634K0S K0S (3.16±0.17)× 10−3 1633
π+π−η < 2.0 × 10−4 CL=90% 1651
π+π−η′ < 4 × 10−4 CL=90% 1560K0K+π−+ .. < 9 × 10−5 CL=90% 1610K+K−π0 < 6 × 10−5 CL=90% 1611K+K−η < 2.3 × 10−4 CL=90% 1512K+K−K0S K0S (1.4 ±0.5 )× 10−3 1331K+K−K+K− (2.82±0.29)× 10−3 1333K+K−φ (9.7 ±2.5 )× 10−4 1381K0K+π−φ+ .. (3.7 ±0.6 )× 10−3 1326K+K−π0φ (1.90±0.35)× 10−3 1329
φπ+π−π0 (1.18±0.15)× 10−3 1525
φφ (8.0 ±0.7 )× 10−4 1370pp (2.21±0.08)× 10−4 1426ppπ0 (7.0 ±0.7 )× 10−4 S=1.3 1379ppη (3.5 ±0.4 )× 10−4 1187ppω (5.2 ±0.6 )× 10−4 1043ppφ (6.0 ±1.4 )× 10−5 876ppπ+π− (2.1 ±0.7 )× 10−3 S=1.4 1320ppπ0π0 (1.04±0.28)× 10−3 1324ppK+K− (non-resonant) (1.22±0.26)× 10−4 890ppK0S K0S < 8.8 × 10−4 CL=90% 884pnπ− (1.27±0.11)× 10−3 1376pnπ+ (1.37±0.12)× 10−3 1376pnπ−π0 (2.34±0.21)× 10−3 1321pnπ+π0 (2.21±0.18)× 10−3 1321�� (3.27±0.24)× 10−4 1292��π+π− (1.18±0.13)× 10−3 1153��π+π− (non-resonant) < 5 × 10−4 CL=90% 1153� (1385)+�π−+ .. < 5 × 10−4 CL=90% 1083� (1385)−�π++ .. < 5 × 10−4 CL=90% 1083K+p�+ .. (1.25±0.12)× 10−3 S=1.3 1132K+p�(1520)+ .. (2.9 ±0.7 )× 10−4 858�(1520)�(1520) (3.1 ±1.2 )× 10−4 779�0�0 (4.5 ±0.4 )× 10−4 1222�+�− (4.0 ±0.7 )× 10−4 S=1.7 1225� (1385)+� (1385)− (1.6 ±0.6 )× 10−4 1001� (1385)−� (1385)+ (2.3 ±0.7 )× 10−4 1001K−��++ .. (1.94±0.35)× 10−4 873� 0� 0 (3.1 ±0.8 )× 10−4 1089�−�+ (4.8 ±0.7 )× 10−4 1081
η π+π−

< 7 × 10−4 CL=90% 307Radiative deaysRadiative deaysRadiative deaysRadiative deays
γ J/ψ(1S) (1.40±0.05) % 303
γ ρ0 < 9 × 10−6 CL=90% 1619
γω < 8 × 10−6 CL=90% 1618
γφ < 6 × 10−6 CL=90% 1555
γ γ (2.04±0.09)× 10−4 1707e+ e− J/ψ(1S) (1.54±0.33)× 10−4 303
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Meson Summary Table 125125125125
χ1(1P)χ1(1P)χ1(1P)χ1(1P) IG (JPC ) = 0+(1 + +)Mass m = 3510.67 ± 0.05 MeV (S = 1.2)Full width � = 0.84 ± 0.04 MeV Sale fator/ p

χ1(1P) DECAY MODESχ1(1P) DECAY MODESχ1(1P) DECAY MODESχ1(1P) DECAY MODES Fration (�i /�) Con�dene level (MeV/)Hadroni deaysHadroni deaysHadroni deaysHadroni deays3(π+π−) ( 5.8 ±1.4 )× 10−3 S=1.2 16832(π+π−) ( 7.6 ±2.6 )× 10−3 1728
π+π−π0π0 ( 1.19±0.15) % 1729

ρ+π−π0+ .. ( 1.45±0.24) % 1658
ρ0π+π− ( 3.9 ±3.5 )× 10−3 16574π0 ( 5.4 ±0.8 )× 10−4 1729

π+π−K+K− ( 4.5 ±1.0 )× 10−3 1632K+K−π0π0 ( 1.12±0.27)× 10−3 1634K+K−π+π−π0 ( 1.15±0.13) % 1598K0S K±π∓π+π− ( 7.5 ±0.8 )× 10−3 1596K+π−K0π0+ .. ( 8.6 ±1.4 )× 10−3 1632
ρ−K+K0+ .. ( 5.0 ±1.2 )× 10−3 1514K∗(892)0K0π0 →K+π−K0π0+ .. ( 2.3 ±0.6 )× 10−3 {K+K−ηπ0 ( 1.12±0.34)× 10−3 1523

π+π−K0S K0S ( 6.9 ±2.9 )× 10−4 1630K+K−η ( 3.2 ±1.0 )× 10−4 1566K0K+π−+ .. ( 7.0 ±0.6 )× 10−3 1661K∗(892)0K0+ .. (10 ±4 )× 10−4 1602K∗(892)+K−+ .. ( 1.4 ±0.6 )× 10−3 1602K∗J (1430)0K0+ .. →K0S K+π−+ .. < 8 × 10−4 CL=90% {K∗J (1430)+K−+ .. →K0S K+π−+ .. < 2.1 × 10−3 CL=90% {K+K−π0 ( 1.81±0.24)× 10−3 1662
ηπ+π− ( 4.62±0.23)× 10−3 1701a0(980)+π−+ .. → ηπ+π− ( 3.2 ±0.4 )× 10−3 S=2.2 {a2(1320)+π−+ .. → ηπ+π− ( 1.76±0.24)× 10−4 {a2(1700)+π−+ .. → ηπ+π− ( 4.6 ±0.7 )× 10−5 {f2(1270)η → ηπ+π− ( 3.5 ±0.6 )× 10−4 {f4(2050)η → ηπ+π− ( 2.5 ±0.9 )× 10−5 {

π1(1400)+π−+ .. → ηπ+π−
< 5 × 10−5 CL=90% {

π1(1600)+π−+ .. → ηπ+π−
< 1.5 × 10−5 CL=90% {

π1(2015)+π−+ .. → ηπ+π−
< 8 × 10−6 CL=90% {f2(1270)η ( 6.7 ±1.1 )× 10−4 1467

π+π−η′ ( 2.2 ±0.4 )× 10−3 1612K+K−η′(958) ( 8.8 ±0.9 )× 10−4 1461K∗0(1430)+K−+ .. ( 6.4 +2.2
−2.8 )× 10−4 {f0(980)η′(958) ( 1.6 +1.4
−0.7 )× 10−4 1460f0(1710)η′(958) ( 7 +7
−5 )× 10−5 1106f ′2(1525)η′(958) ( 9 ±6 )× 10−5 1225

π0 f0(980) → π0π+π−
< 6 × 10−6 CL=90% {K+K∗(892)0π−+ .. ( 3.2 ±2.1 )× 10−3 1577K∗(892)0K∗(892)0 ( 1.4 ±0.4 )× 10−3 1512
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126126126126 Meson Summary TableK+K−K0S K0S < 4 × 10−4 CL=90% 1390K+K−K+K− ( 5.4 ±1.1 )× 10−4 1393K+K−φ ( 4.1 ±1.5 )× 10−4 1440K0K+π−φ+ .. ( 3.3 ±0.5 )× 10−3 1387K+K−π0φ ( 1.62±0.30)× 10−3 1390
φπ+π−π0 ( 7.5 ±1.0 )× 10−4 1578
ωω ( 5.7 ±0.7 )× 10−4 1571
ωK+K− ( 7.8 ±0.9 )× 10−4 1513
ωφ ( 2.1 ±0.6 )× 10−5 1503
φφ ( 4.2 ±0.5 )× 10−4 1429pp ( 7.60±0.34)× 10−5 1484ppπ0 ( 1.55±0.18)× 10−4 1438ppη ( 1.45±0.25)× 10−4 1254ppω ( 2.12±0.31)× 10−4 1117ppφ < 1.7 × 10−5 CL=90% 962ppπ+π− ( 5.0 ±1.9 )× 10−4 1381ppK+K− (non-resonant) ( 1.27±0.22)× 10−4 974ppK0S K0S < 4.5 × 10−4 CL=90% 968pnπ− ( 3.8 ±0.5 )× 10−4 1435pnπ+ ( 3.9 ±0.5 )× 10−4 1435pnπ−π0 ( 1.03±0.12)× 10−3 1383pnπ+π0 ( 1.01±0.12)× 10−3 1383�� ( 1.14±0.11)× 10−4 1355��π+π− ( 2.9 ±0.5 )× 10−4 1223��π+π− (non-resonant) ( 2.5 ±0.6 )× 10−4 1223� (1385)+�π−+ .. < 1.3 × 10−4 CL=90% 1157� (1385)−�π++ .. < 1.3 × 10−4 CL=90% 1157K+p� ( 4.1 ±0.4 )× 10−4 S=1.2 1203K+p�(1520)+ .. ( 1.7 ±0.4 )× 10−4 950�(1520)�(1520) < 9 × 10−5 CL=90% 879�0�0

< 4 × 10−5 CL=90% 1288�+�−
< 6 × 10−5 CL=90% 1291� (1385)+� (1385)− < 9 × 10−5 CL=90% 1081� (1385)−� (1385)+ < 5 × 10−5 CL=90% 1081K−��++ .. ( 1.35±0.24)× 10−4 963� 0� 0
< 6 × 10−5 CL=90% 1163�−�+ ( 8.0 ±2.1 )× 10−5 1155

π+π− + K+K−
< 2.1 × 10−3 {K0S K0S < 6 × 10−5 CL=90% 1683

η π+π−
< 3.2 × 10−3 CL=90% 413Radiative deaysRadiative deaysRadiative deaysRadiative deays

γ J/ψ(1S) (34.3 ±1.0 ) % 389
γ ρ0 ( 2.16±0.17)× 10−4 1670
γω ( 6.8 ±0.8 )× 10−5 1668
γφ ( 2.4 ±0.5 )× 10−5 1607
γ γ < 6.3 × 10−6 CL=90% 1755e+ e− J/ψ(1S) ( 3.65±0.25)× 10−3 389
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Meson Summary Table 127127127127h(1P)h(1P)h(1P)h(1P) IG (JPC ) = ??(1 +−)Mass m = 3525.38 ± 0.11 MeVFull width � = 0.7 ± 0.4 MeV ph (1P) DECAY MODESh (1P) DECAY MODESh (1P) DECAY MODESh (1P) DECAY MODES Fration (�i /�) Con�dene level (MeV/)pp < 1.5 × 10−4 90% 1492
π+π−π0 < 2.2 × 10−3 17492π+2π−π0 ( 2.2+0.8

−0.7) % 17163π+3π−π0 < 2.9 % 1661Radiative deaysRadiative deaysRadiative deaysRadiative deays
γ η ( 4.7±2.1)× 10−4 1720
γ η′(958) ( 1.5±0.4)× 10−3 1633
γ η (1S) (51 ±6 ) % 500See Partile Listings for 1 deay modes that have been seen / not seen.
χ2(1P)χ2(1P)χ2(1P)χ2(1P) IG (JPC ) = 0+(2 + +)Mass m = 3556.17 ± 0.07 MeVFull width � = 1.97 ± 0.09 MeV p

χ2(1P) DECAY MODESχ2(1P) DECAY MODESχ2(1P) DECAY MODESχ2(1P) DECAY MODES Fration (�i /�) Con�dene level (MeV/)Hadroni deaysHadroni deaysHadroni deaysHadroni deays2(π+π−) ( 1.02±0.09) % 1751
π+π−π0π0 ( 1.83±0.23) % 1752

ρ+π−π0+ .. ( 2.19±0.34) % 16824π0 ( 1.11±0.15)× 10−3 1752K+K−π0π0 ( 2.1 ±0.4 )× 10−3 1658K+π−K0π0+ .. ( 1.38±0.20) % 1657
ρ−K+K0+ .. ( 4.1 ±1.2 )× 10−3 1540K∗(892)0K−π+ →K−π+K0π0+ .. ( 2.9 ±0.8 )× 10−3 {K∗(892)0K0π0 →K+π−K0π0+ .. ( 3.8 ±0.9 )× 10−3 {K∗(892)−K+π0 →K+π−K0π0+ .. ( 3.7 ±0.8 )× 10−3 {K∗(892)+K0π−

→K+π−K0π0+ .. ( 2.9 ±0.8 )× 10−3 {K+K−ηπ0 ( 1.3 ±0.4 )× 10−3 1549K+K−π+π− ( 8.4 ±0.9 )× 10−3 1656K+K−π+π−π0 ( 1.17±0.13) % 1623K0S K±π∓π+π− ( 7.3 ±0.8 )× 10−3 1621K+K∗(892)0π−+ .. ( 2.1 ±1.1 )× 10−3 1602K∗(892)0K∗(892)0 ( 2.3 ±0.4 )× 10−3 15383(π+π−) ( 8.6 ±1.8 )× 10−3 1707
φφ ( 1.06±0.09)× 10−3 1457
ωω ( 8.4 ±1.0 )× 10−4 1597
ωK+K− ( 7.3 ±0.9 )× 10−4 1540
ππ ( 2.23±0.09)× 10−3 1773
ρ0π+π− ( 3.7 ±1.6 )× 10−3 1682
π+π−π0 (non-resonant) ( 2.0 ±0.4 )× 10−5 1765
ρ(770)±π∓ ( 6 ±4 )× 10−6 {
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128128128128 Meson Summary Table
π+π−η ( 4.8 ±1.3 )× 10−4 1724
π+π−η′ ( 5.0 ±1.8 )× 10−4 1636
ηη ( 5.4 ±0.4 )× 10−4 1692K+K− ( 1.01±0.06)× 10−3 1708K0S K0S ( 5.2 ±0.4 )× 10−4 1707K∗(892)±K∓ ( 1.44±0.21)× 10−4 1627K∗(892)0K0+ .. ( 1.24±0.27)× 10−4 1627K∗2(1430)±K∓ ( 1.48±0.12)× 10−3 {K∗2(1430)0K0+ .. ( 1.24±0.17)× 10−3 1444K∗3(1780)±K∓ ( 5.2 ±0.8 )× 10−4 {K∗3(1780)0K0+ .. ( 5.6 ±2.1 )× 10−4 1276a2(1320)0π0 ( 1.29±0.34)× 10−3 {a2(1320)±π∓ ( 1.8 ±0.6 )× 10−3 1530K0K+π−+ .. ( 1.28±0.18)× 10−3 1685K+K−π0 ( 3.0 ±0.8 )× 10−4 1686K+K−η < 3.2 × 10−4 90% 1592K+K−η′(958) ( 1.94±0.34)× 10−4 1488
ηη′ ( 2.2 ±0.5 )× 10−5 1600
η′ η′ ( 4.6 ±0.6 )× 10−5 1498
π+π−K0S K0S ( 2.2 ±0.5 )× 10−3 1655K+K−K0S K0S < 4 × 10−4 90% 1418K+K−K+K− ( 1.65±0.20)× 10−3 1421K+K−φ ( 1.42±0.29)× 10−3 1468K0K+π−φ+ .. ( 4.8 ±0.7 )× 10−3 1416K+K−π0φ ( 2.7 ±0.5 )× 10−3 1419
φπ+π−π0 ( 9.3 ±1.2 )× 10−4 1603pp ( 7.33±0.33)× 10−5 1510ppπ0 ( 4.7 ±0.4 )× 10−4 1465ppη ( 1.74±0.25)× 10−4 1285ppω ( 3.6 ±0.4 )× 10−4 1152ppφ ( 2.8 ±0.9 )× 10−5 1002ppπ+π− ( 1.32±0.34)× 10−3 1410ppπ0π0 ( 7.8 ±2.3 )× 10−4 1414ppK+K− (non-resonant) ( 1.91±0.32)× 10−4 1013ppK0S K0S < 7.9 × 10−4 90% 1007pnπ− ( 8.5 ±0.9 )× 10−4 1463pnπ+ ( 8.9 ±0.8 )× 10−4 1463pnπ−π0 ( 2.17±0.18)× 10−3 1411pnπ+π0 ( 2.11±0.18)× 10−3 1411�� ( 1.84±0.15)× 10−4 1384��π+π− ( 1.25±0.15)× 10−3 1255��π+π− (non-resonant) ( 6.6 ±1.5 )× 10−4 1255� (1385)+�π−+ .. < 4 × 10−4 90% 1192� (1385)−�π++ .. < 6 × 10−4 90% 1192K+p� + .. ( 7.8 ±0.5 )× 10−4 1236K+p�(1520)+ .. ( 2.8 ±0.7 )× 10−4 992�(1520)�(1520) ( 4.6 ±1.5 )× 10−4 923�0�0

< 6 × 10−5 90% 1319�+�−
< 7 × 10−5 90% 1322� (1385)+� (1385)− < 1.6 × 10−4 90% 1118� (1385)−� (1385)+ < 8 × 10−5 90% 1118K−��++ .. ( 1.76±0.32)× 10−4 1004� 0� 0
< 1.0 × 10−4 90% 1197�−�+ ( 1.42±0.32)× 10−4 1189
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Meson Summary Table 129129129129J/ψ(1S)π+π−π0 < 1.5 % 90% 185
π0 η < 3.2 × 10−3 90% 511
η (1S)π+π−

< 5.4 × 10−3 90% 459Radiative deaysRadiative deaysRadiative deaysRadiative deays
γ J/ψ(1S) (19.0 ±0.5 ) % 430
γ ρ0 < 1.9 × 10−5 90% 1694
γω < 6 × 10−6 90% 1692
γφ < 7 × 10−6 90% 1632
γ γ ( 2.85±0.10)× 10−4 1778e+ e− J/ψ(1S) ( 2.37±0.16)× 10−3 430
η(2S)η(2S)η(2S)η(2S) IG (JPC ) = 0+(0−+)Quantum numbers are quark model preditions.Mass m = 3637.6 ± 1.2 MeV (S = 1.2)Full width � = 11.3+3.2

−2.9 MeV p
η (2S) DECAY MODESη (2S) DECAY MODESη (2S) DECAY MODESη (2S) DECAY MODES Fration (�i /�) Con�dene level (MeV/)K K π ( 1.9±1.2) % 1729K K η ( 5 ±4 )× 10−3 1637K+K−π+π−π0 ( 1.4±1.0) % 1667
γ γ ( 1.9±1.3)× 10−4 1819
γ J/ψ(1S) < 1.4 % 90% 500
π+π−η (1S) < 25 % 90% 538See Partile Listings for 13 deay modes that have been seen / not seen.
ψ(2S)ψ(2S)ψ(2S)ψ(2S) IG (JPC ) = 0−(1−−)Mass m = 3686.097 ± 0.025 MeV (S = 2.6)Full width � = 294 ± 8 keV�e e = 2.33 ± 0.04 keV Sale fator/ p

ψ(2S) DECAY MODESψ(2S) DECAY MODESψ(2S) DECAY MODESψ(2S) DECAY MODES Fration (�i /�) Con�dene level (MeV/)hadrons (97.85 ±0.13 ) % {virtualγ → hadrons ( 1.73 ±0.14 ) % S=1.5 {g g g (10.6 ±1.6 ) % {
γ g g ( 1.03 ±0.29 ) % {light hadrons (15.4 ±1.5 ) % {e+ e− ( 7.93 ±0.17 )× 10−3 1843

µ+µ− ( 8.0 ±0.6 )× 10−3 1840
τ+ τ− ( 3.1 ±0.4 )× 10−3 489Deays into J/ψ(1S) and anythingDeays into J/ψ(1S) and anythingDeays into J/ψ(1S) and anythingDeays into J/ψ(1S) and anythingJ/ψ(1S)anything (61.4 ±0.6 ) % {J/ψ(1S)neutrals (25.37 ±0.32 ) % {J/ψ(1S)π+π− (34.67 ±0.30 ) % 477J/ψ(1S)π0π0 (18.23 ±0.31 ) % 481J/ψ(1S)η ( 3.37 ±0.05 ) % 199J/ψ(1S)π0 ( 1.268±0.032)× 10−3 528
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130130130130 Meson Summary TableHadroni deaysHadroni deaysHadroni deaysHadroni deays
π0 h (1P) ( 8.6 ±1.3 )× 10−4 853(π+π−)π0 ( 3.5 ±1.6 )× 10−3 17462(π+π−)π0 ( 2.9 ±1.0 )× 10−3 S=4.7 1799

ρa2(1320) ( 2.6 ±0.9 )× 10−4 1500pp ( 2.88 ±0.10 )× 10−4 1586�++�−− ( 1.28 ±0.35 )× 10−4 1371��π0 < 2.9 × 10−6 CL=90% 1412��η ( 2.5 ±0.4 )× 10−5 1197�pK+ ( 1.00 ±0.14 )× 10−4 1327�pK+π+π− ( 1.8 ±0.4 )× 10−4 1167��π+π− ( 2.8 ±0.6 )× 10−4 1346�� ( 3.81 ±0.13 )× 10−4 S=1.4 1467��+π−+ .. ( 1.40 ±0.13 )× 10−4 1376��−π++ .. ( 1.54 ±0.14 )× 10−4 1379��0 ( 1.23 ±0.24 )× 10−5 1437�0 pK++ .. ( 1.67 ±0.18 )× 10−5 1291�+�− ( 2.32 ±0.12 )× 10−4 1408�0�0 ( 2.35 ±0.09 )× 10−4 S=1.1 1405� (1385)+� (1385)− ( 8.5 ±0.7 )× 10−5 1218� (1385)−� (1385)+ ( 8.5 ±0.8 )× 10−5 1218� (1385)0� (1385)0 ( 6.9 ±0.7 )× 10−5 1218�−�+ ( 2.87 ±0.11 )× 10−4 S=1.1 1284� 0� 0 ( 2.3 ±0.4 )× 10−4 S=4.2 1291� (1530)0� (1530)0 ( 5.2 +3.2
−1.2 )× 10−5 1025K−��++ .. ( 3.9 ±0.4 )× 10−5 1114� (1690)−�+

→ K−��++.. ( 5.2 ±1.6 )× 10−6 {� (1820)−�+
→ K−��++.. ( 1.20 ±0.32 )× 10−5 {K−�0�++ .. ( 3.7 ±0.4 )× 10−5 1060
−
+ ( 5.2 ±0.4 )× 10−5 774

π0 pp ( 1.53 ±0.07 )× 10−4 1543N(940)p+ .. → π0 pp ( 6.4 +1.8
−1.3 )× 10−5 {N(1440)p+ .. → π0 pp ( 7.3 +1.7
−1.5 )× 10−5 S=2.5 {N(1520)p+ .. → π0 pp ( 6.4 +2.3
−1.8 )× 10−6 {N(1535)p+ .. → π0 pp ( 2.5 ±1.0 )× 10−5 {N(1650)p+ .. → π0 pp ( 3.8 +1.4
−1.7 )× 10−5 {N(1720)p+ .. → π0 pp ( 1.79 +0.26
−0.70 )× 10−5 {N(2300)p+ .. → π0 pp ( 2.6 +1.2
−0.7 )× 10−5 {N(2570)p+ .. → π0 pp ( 2.13 +0.40
−0.31 )× 10−5 {

π0 f0(2100) → π0 pp ( 1.1 ±0.4 )× 10−5 {
ηpp ( 6.0 ±0.4 )× 10−5 1373

η f0(2100) → ηpp ( 1.2 ±0.4 )× 10−5 {N(1535)p → ηpp ( 4.4 ±0.7 )× 10−5 {
ωpp ( 6.9 ±2.1 )× 10−5 1247
φpp < 2.4 × 10−5 CL=90% 1109
π+π−pp ( 6.0 ±0.4 )× 10−4 1491pnπ− or .. ( 2.48 ±0.17 )× 10−4 {pnπ−π0 ( 3.2 ±0.7 )× 10−4 14922(π+π−π0) ( 4.8 ±1.5 )× 10−3 1776
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Meson Summary Table 131131131131
ηπ+π−

< 1.6 × 10−4 CL=90% 1791
ηπ+π−π0 ( 9.5 ±1.7 )× 10−4 17782(π+π−)η ( 1.2 ±0.6 )× 10−3 1758
η′π+π−π0 ( 4.5 ±2.1 )× 10−4 1692
ωπ+π− ( 7.3 ±1.2 )× 10−4 S=2.1 1748b±1 π∓ ( 4.0 ±0.6 )× 10−4 S=1.1 1635b01π0 ( 2.4 ±0.6 )× 10−4 {

ω f2(1270) ( 2.2 ±0.4 )× 10−4 1515
π0π0K+K− ( 2.6 ±1.3 )× 10−4 1728
π+π−K+K− ( 7.3 ±0.5 )× 10−4 1726
π0π0K0S K0L ( 1.3 ±0.5 )× 10−3 1726

ρ0K+K− ( 2.2 ±0.4 )× 10−4 1616K∗(892)0K∗2(1430)0 ( 1.9 ±0.5 )× 10−4 1418K+K−π+π−η ( 1.3 ±0.7 )× 10−3 1574K+K−2(π+π−)π0 ( 1.00 ±0.31 )× 10−3 1611K+K−2(π+π−) ( 1.9 ±0.9 )× 10−3 1654K1(1270)±K∓ ( 1.00 ±0.28 )× 10−3 1581K0S K0S π+π− ( 2.2 ±0.4 )× 10−4 1724
ρ0 pp ( 5.0 ±2.2 )× 10−5 1252K+K∗(892)0π−+ .. ( 6.7 ±2.5 )× 10−4 16742(π+π−) ( 2.4 ±0.6 )× 10−4 S=2.2 1817
ρ0π+π− ( 2.2 ±0.6 )× 10−4 S=1.4 1750K+K−π+π−π0 ( 1.26 ±0.09 )× 10−3 1694
ω f0(1710) → ωK+K− ( 5.9 ±2.2 )× 10−5 {K∗(892)0K−π+π0 + .. ( 8.6 ±2.2 )× 10−4 {K∗(892)+K−π+π− + .. ( 9.6 ±2.8 )× 10−4 {K∗(892)+K−ρ0 + .. ( 7.3 ±2.6 )× 10−4 {K∗(892)0K−ρ+ + .. ( 6.1 ±1.8 )× 10−4 {

ηK+K− , no ηφ ( 3.1 ±0.4 )× 10−5 1664
ωK+K− ( 1.62 ±0.11 )× 10−4 S=1.1 1614
ωK∗(892)+K−+ .. ( 2.07 ±0.26 )× 10−4 1482
ωK∗2(1430)+K−+ .. ( 6.1 ±1.2 )× 10−5 1253
ωK∗(892)0K0 ( 1.68 ±0.30 )× 10−4 1481
ωK∗2(1430)0K0 ( 5.8 ±2.2 )× 10−5 1251
ωX (1440) → ωK0S K−π++ .. ( 1.6 ±0.4 )× 10−5 {
ωX (1440) → ωK+K−π0 ( 1.09 ±0.26 )× 10−5 {
ω f1(1285) → ωK0S K−π++ .. ( 3.0 ±1.0 )× 10−6 {
ω f1(1285) → ωK+K−π0 ( 1.2 ±0.7 )× 10−6 {3(π+π−) ( 3.5 ±2.0 )× 10−4 S=2.8 1774ppπ+π−π0 ( 7.3 ±0.7 )× 10−4 1435K+K− ( 7.5 ±0.5 )× 10−5 1776K0S K0L ( 5.34 ±0.33 )× 10−5 1775
π+π−π0 ( 2.01 ±0.17 )× 10−4 S=1.7 1830

ρ(2150)π → π+π−π0 ( 1.9 +1.2
−0.4 )× 10−4 {

ρ(770)π → π+π−π0 ( 3.2 ±1.2 )× 10−5 S=1.8 {
π+π− ( 7.8 ±2.6 )× 10−6 1838K1(1400)±K∓

< 3.1 × 10−4 CL=90% 1532K∗2(1430)±K∓ ( 7.1 +1.3
−0.9 )× 10−5 {K+K−π0 ( 4.07 ±0.31 )× 10−5 1754K0S K0Lπ0 < 3.0 × 10−4 CL=90% 1753K0S K0L η ( 1.3 ±0.5 )× 10−3 1661K+K∗(892)−+ .. ( 2.9 ±0.4 )× 10−5 S=1.2 1698K∗(892)0K0+ .. ( 1.09 ±0.20 )× 10−4 1697

db2018.pp-ALL.pdf   132 9/14/18   4:35 PM



132132132132 Meson Summary Table
φπ+π− ( 1.18 ±0.26 )× 10−4 S=1.5 1690

φ f0(980) → π+π− ( 7.5 ±3.3 )× 10−5 S=1.6 {2(K+K−) ( 6.3 ±1.3 )× 10−5 1499
φK+K− ( 7.0 ±1.6 )× 10−5 15462(K+K−)π0 ( 1.10 ±0.28 )× 10−4 1440
φη ( 3.10 ±0.31 )× 10−5 1654
φη′ ( 3.1 ±1.6 )× 10−5 1555
ωη′ ( 3.2 +2.5

−2.1 )× 10−5 1623
ωπ0 ( 2.1 ±0.6 )× 10−5 1757
ρη′ ( 1.9 +1.7

−1.2 )× 10−5 1625
ρη ( 2.2 ±0.6 )× 10−5 S=1.1 1717
ωη < 1.1 × 10−5 CL=90% 1715
φπ0 < 4 × 10−7 CL=90% 1699
η π+π−π0 < 1.0 × 10−3 CL=90% 512ppK+K− ( 2.7 ±0.7 )× 10−5 1118�nK0S+ .. ( 8.1 ±1.8 )× 10−5 1324
φ f ′2(1525) ( 4.4 ±1.6 )× 10−5 1321�(1540)�(1540) →K0S pK−n+ .. < 8.8 × 10−6 CL=90% {�(1540)K−n → K0S pK−n < 1.0 × 10−5 CL=90% {�(1540)K0S p → K0S pK+n < 7.0 × 10−6 CL=90% {�(1540)K+n → K0S pK+n < 2.6 × 10−5 CL=90% {�(1540)K0S p → K0S pK−n < 6.0 × 10−6 CL=90% {K0S K0S < 4.6 × 10−6 1775Radiative deaysRadiative deaysRadiative deaysRadiative deays
γχ0(1P) ( 9.79 ±0.20 ) % 261
γχ1(1P) ( 9.75 ±0.24 ) % 171
γχ2(1P) ( 9.52 ±0.20 ) % 128
γ η (1S) ( 3.4 ±0.5 )× 10−3 S=1.3 635
γ η (2S) ( 7 ±5 )× 10−4 48
γπ0 ( 1.04 ±0.22 )× 10−6 S=1.4 1841
γ η′(958) ( 1.24 ±0.04 )× 10−4 1719
γ f2(1270) ( 2.73 +0.29

−0.25 )× 10−4 S=1.8 1622
γ f0(1370) → γK K ( 3.1 ±1.7 )× 10−5 1588
γ f0(1500) ( 9.2 ±1.9 )× 10−5 1536
γ f ′2(1525) ( 3.3 ±0.8 )× 10−5 1528

γ f0(1710) → γππ ( 3.5 ±0.6 )× 10−5 {
γ f0(1710) → γK K ( 6.6 ±0.7 )× 10−5 {

γ f0(2100) → γππ ( 4.8 ±1.0 )× 10−6 1244
γ f0(2200) → γK K ( 3.2 ±1.0 )× 10−6 1193
γ fJ (2220) → γππ < 5.8 × 10−6 CL=90% 1168
γ fJ (2220) → γK K < 9.5 × 10−6 CL=90% 1168
γ γ < 1.5 × 10−4 CL=90% 1843
γ η ( 9.2 ±1.8 )× 10−7 1802
γ ηπ+π− ( 8.7 ±2.1 )× 10−4 1791

γ η(1405) → γK K π < 9 × 10−5 CL=90% 1569
γ η(1405) → ηπ+π− ( 3.6 ±2.5 )× 10−5 {
γ η(1405) → γ f0(980)π0 →

γπ+π−π0 < 5.0 × 10−7 CL=90% {
γ η(1475) → K K π < 1.4 × 10−4 CL=90% {
γ η(1475) → ηπ+π−

< 8.8 × 10−5 CL=90% {
γ 2(π+π−) ( 4.0 ±0.6 )× 10−4 1817

db2018.pp-ALL.pdf   133 9/14/18   4:35 PM



Meson Summary Table 133133133133
γK∗0K+π−+ .. ( 3.7 ±0.9 )× 10−4 1674
γK∗0K∗0 ( 2.4 ±0.7 )× 10−4 1613
γK0S K+π−+ .. ( 2.6 ±0.5 )× 10−4 1753
γK+K−π+π− ( 1.9 ±0.5 )× 10−4 1726
γ pp ( 3.9 ±0.5 )× 10−5 S=2.0 1586

γ f2(1950) → γ pp ( 1.20 ±0.22 )× 10−5 {
γ f2(2150) → γ pp ( 7.2 ±1.8 )× 10−6 {
γX (1835) → γ pp ( 4.6 +1.8

−4.0 )× 10−6 {
γX → γ pp [vvaa℄ < 2 × 10−6 CL=90% {

γπ+π−pp ( 2.8 ±1.4 )× 10−5 1491
γ 2(π+π−)K+K−

< 2.2 × 10−4 CL=90% 1654
γ 3(π+π−) < 1.7 × 10−4 CL=90% 1774
γK+K−K+K−

< 4 × 10−5 CL=90% 1499
γ γ J/ψ ( 3.1 +1.0

−1.2 )× 10−4 542e+ e−χ0(1P) ( 1.06 ±0.24 )× 10−3 261e+ e−χ1(1P) ( 8.5 ±0.6 )× 10−4 171e+ e−χ2(1P) ( 7.0 ±0.8 )× 10−4 128Weak deaysWeak deaysWeak deaysWeak deaysD0 e+ e−+ .. < 1.4 × 10−7 CL=90% 1371Other deaysOther deaysOther deaysOther deaysinvisible < 1.6 % CL=90% {
ψ(3770)ψ(3770)ψ(3770)ψ(3770) IG (JPC ) = 0−(1−−)Mass m = 3773.13 ± 0.35 MeV (S = 1.1)Full width � = 27.2 ± 1.0 MeV�ee = 0.262 ± 0.018 keV (S = 1.4)In addition to the dominant deay mode to DD, ψ(3770) was found to deayinto the �nal states ontaining the J/ψ (BAI 05, ADAM 06). ADAMS 06 andHUANG 06A searhed for various deay modes with light hadrons and found astatistially signi�ant signal for the deay to φη only (ADAMS 06).Sale fator/ p

ψ(3770) DECAY MODESψ(3770) DECAY MODESψ(3770) DECAY MODESψ(3770) DECAY MODES Fration (�i /�) Con�dene level (MeV/)DD (93 +8
−9 ) % S=2.0 286D0D0 (52 +4
−5 ) % S=2.0 286D+D− (41 ±4 ) % S=2.0 252J/ψπ+π− ( 1.93±0.28)× 10−3 560J/ψπ0π0 ( 8.0 ±3.0 )× 10−4 564J/ψη ( 9 ±4 )× 10−4 360J/ψπ0 < 2.8 × 10−4 CL=90% 603e+ e− ( 9.6 ±0.7 )× 10−6 S=1.3 1887Deays to light hadronsDeays to light hadronsDeays to light hadronsDeays to light hadronsb1(1235)π < 1.4 × 10−5 CL=90% 1683

φη′ < 7 × 10−4 CL=90% 1607
ωη′ < 4 × 10−4 CL=90% 1672
ρ0 η′ < 6 × 10−4 CL=90% 1674
φη ( 3.1 ±0.7 )× 10−4 1703
ωη < 1.4 × 10−5 CL=90% 1762
ρ0 η < 5 × 10−4 CL=90% 1764
φπ0 < 3 × 10−5 CL=90% 1746
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134134134134 Meson Summary Table
ωπ0 < 6 × 10−4 CL=90% 1803
π+π−π0 < 5 × 10−6 CL=90% 1874

ρπ < 5 × 10−6 CL=90% 1804K∗(892)+K−+ .. < 1.4 × 10−5 CL=90% 1745K∗(892)0K0+ .. < 1.2 × 10−3 CL=90% 1744K0S K0L < 1.2 × 10−5 CL=90% 18202(π+π−) < 1.12 × 10−3 CL=90% 18612(π+π−)π0 < 1.06 × 10−3 CL=90% 18432(π+π−π0) < 5.85 % CL=90% 1821
ωπ+π−

< 6.0 × 10−4 CL=90% 17943(π+π−) < 9.1 × 10−3 CL=90% 18193(π+π−)π0 < 1.37 % CL=90% 17923(π+π−)2π0 < 11.74 % CL=90% 1760
ηπ+π−

< 1.24 × 10−3 CL=90% 1836
π+π−2π0 < 8.9 × 10−3 CL=90% 1862
ρ0π+π−

< 6.9 × 10−3 CL=90% 1796
η3π < 1.34 × 10−3 CL=90% 1824
η2(π+π−) < 2.43 % CL=90% 1804

ηρ0π+π−
< 1.45 % CL=90% 1708

η′ 3π < 2.44 × 10−3 CL=90% 1740K+K−π+π−
< 9.0 × 10−4 CL=90% 1772

φπ+π−
< 4.1 × 10−4 CL=90% 1737K+K−2π0 < 4.2 × 10−3 CL=90% 17744(π+π−) < 1.67 % CL=90% 17574(π+π−)π0 < 3.06 % CL=90% 1720

φ f0(980) < 4.5 × 10−4 CL=90% 1597K+K−π+π−π0 < 2.36 × 10−3 CL=90% 1741K+K−ρ0π0 < 8 × 10−4 CL=90% 1624K+K−ρ+π−
< 1.46 % CL=90% 1622

ωK+K−
< 3.4 × 10−4 CL=90% 1664

φπ+π−π0 < 3.8 × 10−3 CL=90% 1722K∗0K−π+π0+ .. < 1.62 % CL=90% 1693K∗+K−π+π−+ .. < 3.23 % CL=90% 1692K+K−π+π−2π0 < 2.67 % CL=90% 1705K+K−2(π+π−) < 1.03 % CL=90% 1702K+K−2(π+π−)π0 < 3.60 % CL=90% 1660
ηK+K−

< 4.1 × 10−4 CL=90% 1712
ηK+K−π+π−

< 1.24 % CL=90% 1624
ρ0K+K−

< 5.0 × 10−3 CL=90% 16652(K+K−) < 6.0 × 10−4 CL=90% 1552
φK+K−

< 7.5 × 10−4 CL=90% 15982(K+K−)π0 < 2.9 × 10−4 CL=90% 14932(K+K−)π+π−
< 3.2 × 10−3 CL=90% 1425K0S K−π+ < 3.2 × 10−3 CL=90% 1799K0S K−π+π0 < 1.33 % CL=90% 1773K0S K−ρ+ < 6.6 × 10−3 CL=90% 1664K0S K−2π+π−
< 8.7 × 10−3 CL=90% 1739K0S K−π+ ρ0 < 1.6 % CL=90% 1621K0S K−π+ η < 1.3 % CL=90% 1669K0S K−2π+π−π0 < 4.18 % CL=90% 1703K0S K−2π+π− η < 4.8 % CL=90% 1570K0S K−π+ 2(π+π−) < 1.22 % CL=90% 1658K0S K−π+ 2π0 < 2.65 % CL=90% 1742K0S K−K+K−π+ < 4.9 × 10−3 CL=90% 1490
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Meson Summary Table 135135135135K0S K−K+K−π+π0 < 3.0 % CL=90% 1427K0S K−K+K−π+ η < 2.2 % CL=90% 1214K∗0K−π++ .. < 9.7 × 10−3 CL=90% 1722ppπ0 < 4 × 10−5 CL=90% 1595ppπ+π−
< 5.8 × 10−4 CL=90% 1544�� < 1.2 × 10−4 CL=90% 1521ppπ+π−π0 < 1.85 × 10−3 CL=90% 1490

ωpp < 2.9 × 10−4 CL=90% 1309��π0 < 7 × 10−5 CL=90% 1468pp2(π+π−) < 2.6 × 10−3 CL=90% 1425
ηpp < 5.4 × 10−4 CL=90% 1430
ηppπ+π−

< 3.3 × 10−3 CL=90% 1284
ρ0 pp < 1.7 × 10−3 CL=90% 1313ppK+K−

< 3.2 × 10−4 CL=90% 1185
ηppK+K−

< 6.9 × 10−3 CL=90% 736
π0 ppK+K−

< 1.2 × 10−3 CL=90% 1093
φpp < 1.3 × 10−4 CL=90% 1178��π+π−

< 2.5 × 10−4 CL=90% 1404�pK+
< 2.8 × 10−4 CL=90% 1387�pK+π+π−
< 6.3 × 10−4 CL=90% 1234��η < 1.9 × 10−4 CL=90% 1262�+�−
< 1.0 × 10−4 CL=90% 1464�0�0
< 4 × 10−5 CL=90% 1462�+�−
< 1.5 × 10−4 CL=90% 1346� 0� 0
< 1.4 × 10−4 CL=90% 1353Radiative deaysRadiative deaysRadiative deaysRadiative deays

γχ2 < 6.4 × 10−4 CL=90% 211
γχ1 ( 2.49±0.23)× 10−3 253
γχ0 ( 6.9 ±0.6 )× 10−3 341
γ η < 7 × 10−4 CL=90% 707
γ η (2S) < 9 × 10−4 CL=90% 133
γ η′ < 1.8 × 10−4 CL=90% 1765
γ η < 1.5 × 10−4 CL=90% 1847
γπ0 < 2 × 10−4 CL=90% 1884
ψ2(3823)ψ2(3823)ψ2(3823)ψ2(3823) IG (JPC ) = 0−(2−−)I, J, P need on�rmation.Mass m = 3822.2 ± 1.2 MeVFull width � < 16 MeV, CL = 90%
χ1(3872)χ1(3872)χ1(3872)χ1(3872) IG (JPC ) = 0+(1 + +)Mass m = 3871.69 ± 0.17 MeVmχ1(3872) − mJ/ψ = 775 ± 4 MeVFull width � < 1.2 MeV, CL = 90%

χ1(3872) DECAY MODESχ1(3872) DECAY MODESχ1(3872) DECAY MODESχ1(3872) DECAY MODES Fration (�i /�) p (MeV/)
π+π− J/ψ(1S) > 3.2 % 650
ωJ/ψ(1S) > 2.3 % †D0D0π0 >40 % 117D∗0D0

>30 % 3
γ J/ψ > 7 × 10−3 697
γψ(2S) > 4 % 181
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136136136136 Meson Summary TableSee Partile Listings for 3 deay modes that have been seen / not seen.Z(3900)Z(3900)Z(3900)Z(3900) IG (JPC ) = 1+(1 +−)Mass m = 3886.6 ± 2.4 MeV (S = 1.6)Full width � = 28.2 ± 2.6 MeVX (3915)X (3915)X (3915)X (3915) IG (JPC ) = 0+(0 or 2 + +)Mass m = 3918.4 ± 1.9 MeVFull width � = 20 ± 5 MeV (S = 1.1)
χ2(3930)χ2(3930)χ2(3930)χ2(3930) IG (JPC ) = 0+(2 + +)Mass m = 3927.2 ± 2.6 MeVFull width � = 24 ± 6 MeVX (4020)X (4020)X (4020)X (4020) IG (JPC ) = 1+(??−)Mass m = 4024.1 ± 1.9 MeVFull width � = 13 ± 5 MeV (S = 1.7)
ψ(4040)ψ(4040)ψ(4040)ψ(4040) [xxaa℄ IG (JPC ) = 0−(1−−)Mass m = 4039 ± 1 MeVFull width � = 80 ± 10 MeV�ee = 0.86 ± 0.07 keVDue to the omplexity of the   threshold region, in this listing, \seen" (\notseen") means that a ross setion for the mode in question has been measuredat e�etive √s near this partile's entral mass value, more (less) than 2σ abovezero, without regard to any peaking behavior in √

s or absene thereof. Seemode listing(s) for details and referenes. p
ψ(4040) DECAY MODESψ(4040) DECAY MODESψ(4040) DECAY MODESψ(4040) DECAY MODES Fration (�i /�) Con�dene level (MeV/)e+ e− (1.07±0.16)× 10−5 2019J/ψπ+π−

< 4 × 10−3 90% 794J/ψπ0π0 < 2 × 10−3 90% 797J/ψη (5.2 ±0.7 )× 10−3 675J/ψπ0 < 2.8 × 10−4 90% 823J/ψπ+π−π0 < 2 × 10−3 90% 746
χ1 γ < 3.4 × 10−3 90% 494
χ2 γ < 5 × 10−3 90% 454
χ1π+π−π0 < 1.1 % 90% 306
χ2π+π−π0 < 3.2 % 90% 233h (1P)π+π−

< 3 × 10−3 90% 403
φπ+π−

< 3 × 10−3 90% 1880��π+π−
< 2.9 × 10−4 90% 1578��π0 < 9 × 10−5 90% 1636��η < 3.0 × 10−4 90% 1452�+�−
< 1.3 × 10−4 90% 1632�0�0
< 7 × 10−5 90% 1630
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Meson Summary Table 137137137137�+�−
< 1.6 × 10−4 90% 1527� 0� 0
< 1.8 × 10−4 90% 1533See Partile Listings for 13 deay modes that have been seen / not seen.

χ1(4140)χ1(4140)χ1(4140)χ1(4140) IG (JPC ) = 0+(1 + +)Mass m = 4146.8 ± 2.4 MeV (S = 1.1)Full width � = 22+8
−7 MeV (S = 1.3)

ψ(4160)ψ(4160)ψ(4160)ψ(4160) [xxaa℄ IG (JPC ) = 0−(1−−)Mass m = 4191 ± 5 MeVFull width � = 70 ± 10 MeV�ee = 0.48 ± 0.22 keVDue to the omplexity of the   threshold region, in this listing, \seen" (\notseen") means that a ross setion for the mode in question has been measuredat e�etive √s near this partile's entral mass value, more (less) than 2σ abovezero, without regard to any peaking behavior in √
s or absene thereof. Seemode listing(s) for details and referenes. p

ψ(4160) DECAY MODESψ(4160) DECAY MODESψ(4160) DECAY MODESψ(4160) DECAY MODES Fration (�i /�) Con�dene level (MeV/)e+ e− (6.9 ±3.3)× 10−6 2096J/ψπ+π−
< 3 × 10−3 90% 919J/ψπ0π0 < 3 × 10−3 90% 922J/ψK+K−
< 2 × 10−3 90% 407J/ψη < 8 × 10−3 90% 822J/ψπ0 < 1 × 10−3 90% 944J/ψη′ < 5 × 10−3 90% 457J/ψπ+π−π0 < 1 × 10−3 90% 879

ψ(2S)π+π−
< 4 × 10−3 90% 396

χ1 γ < 5 × 10−3 90% 625
χ2 γ < 1.3 % 90% 587
χ1π+π−π0 < 2 × 10−3 90% 496
χ2π+π−π0 < 8 × 10−3 90% 445h (1P)π+π−

< 5 × 10−3 90% 556h (1P)π0π0 < 2 × 10−3 90% 560h (1P)η < 2 × 10−3 90% 348h (1P)π0 < 4 × 10−4 90% 600
φπ+π−

< 2 × 10−3 90% 1961
γχ1(3872) → γ J/ψπ+π−

< 6.8 × 10−5 90% {
γX (3915) → γ J/ψπ+π−

< 1.36 × 10−4 90% {
γX (3930) → γ J/ψπ+π−

< 1.18 × 10−4 90% {
γX (3940) → γ J/ψπ+π−

< 1.47 × 10−4 90% {
γχ1(3872) → γ γ J/ψ < 1.05 × 10−4 90% {
γX (3915) → γ γ J/ψ < 1.26 × 10−4 90% {
γX (3930) → γ γ J/ψ < 8.8 × 10−5 90% {
γX (3940) → γ γ J/ψ < 1.79 × 10−4 90% {See Partile Listings for 15 deay modes that have been seen / not seen.
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138138138138 Meson Summary Table
ψ(4260)ψ(4260)ψ(4260)ψ(4260) IG (JPC ) = 0−(1−−)Mass m = 4230 ± 8 MeV (S = 2.9)Full width � = 55 ± 19 MeV (S = 4.4)
χ1(4274)χ1(4274)χ1(4274)χ1(4274) IG (JPC ) = 0+(1 + +)Mass m = 4274+8

−6 MeVFull width � = 49 ± 12 MeV
ψ(4360)ψ(4360)ψ(4360)ψ(4360) IG (JPC ) = 0−(1−−)I needs on�rmation.

ψ(4360) MASS = 4368 ± 13 MeV (S = 3.7)
ψ(4360) WIDTH = 96 ± 7 MeV

ψ(4415)ψ(4415)ψ(4415)ψ(4415) [xxaa℄ IG (JPC ) = 0−(1−−)Mass m = 4421 ± 4 MeVFull width � = 62 ± 20 MeV�ee = 0.58 ± 0.07 keVDue to the omplexity of the   threshold region, in this listing, \seen" (\notseen") means that a ross setion for the mode in question has been measuredat e�etive √s near this partile's entral mass value, more (less) than 2σ abovezero, without regard to any peaking behavior in √
s or absene thereof. Seemode listing(s) for details and referenes. p

ψ(4415) DECAY MODESψ(4415) DECAY MODESψ(4415) DECAY MODESψ(4415) DECAY MODES Fration (�i /�) Con�dene level (MeV/)D0D−π+ (exl. D∗(2007)0D0+.., D∗(2010)+D− +.. < 2.3 % 90% {DD∗2(2460) → D0D−π++.. (10 ±4 ) % {D0D∗−π++.. < 11 % 90% 926J/ψη < 6 × 10−3 90% 1022
χ1 γ < 8 × 10−4 90% 817
χ2 γ < 4 × 10−3 90% 780e+ e− ( 9.4±3.2)× 10−6 2210See Partile Listings for 14 deay modes that have been seen / not seen.Z(4430)Z(4430)Z(4430)Z(4430) IG (JPC ) = 1+(1 +−)I, G, C need on�rmation.Quantum numbers not established.Mass m = 4478+15

−18 MeVFull width � = 181 ± 31 MeV
ψ(4660)ψ(4660)ψ(4660)ψ(4660) IG (JPC ) = 0−(1−−)I needs on�rmation.

ψ(4660) MASS = 4643 ± 9 MeV (S = 1.2)
ψ(4660) WIDTH = 72 ± 11 MeV
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Meson Summary Table 139139139139bb MESONSbb MESONSbb MESONSbb MESONS(inluding possibly non-qq states)(inluding possibly non-qq states)(inluding possibly non-qq states)(inluding possibly non-qq states)
ηb(1S)ηb(1S)ηb(1S)ηb(1S) IG (JPC ) = 0+(0−+)Mass m = 9399.0 ± 2.3 MeV (S = 1.6)Full width � = 10+5

−4 MeV p
ηb(1S) DECAY MODESηb(1S) DECAY MODESηb(1S) DECAY MODESηb(1S) DECAY MODES Fration (�i /�) Con�dene level (MeV/)
µ+µ−

<9× 10−3 90% 4698
τ+ τ− <8 % 90% 4351See Partile Listings for 4 deay modes that have been seen / not seen.�(1S)�(1S)�(1S)�(1S) IG (JPC ) = 0−(1−−)Mass m = 9460.30 ± 0.26 MeV (S = 3.3)Full width � = 54.02 ± 1.25 keV�ee = 1.340 ± 0.018 keV Sale fator/ p�(1S) DECAY MODES�(1S) DECAY MODES�(1S) DECAY MODES�(1S) DECAY MODES Fration (�i /�) Con�dene level (MeV/)
τ+ τ− ( 2.60 ±0.10 ) % 4384e+ e− ( 2.38 ±0.11 ) % 4730
µ+µ− ( 2.48 ±0.05 ) % 4729Hadroni deaysHadroni deaysHadroni deaysHadroni deaysg g g (81.7 ±0.7 ) % {
γ g g ( 2.2 ±0.6 ) % {
η′(958) anything ( 2.94 ±0.24 ) % {J/ψ(1S) anything ( 5.4 ±0.4 )× 10−4 S=1.4 4223J/ψ(1S)η < 2.2 × 10−6 CL=90% 3623J/ψ(1S)χ0 < 3.4 × 10−6 CL=90% 3429J/ψ(1S)χ1 ( 3.9 ±1.2 )× 10−6 3382J/ψ(1S)χ2 < 1.4 × 10−6 CL=90% 3359J/ψ(1S)η (2S) < 2.2 × 10−6 CL=90% 3317J/ψ(1S)X (3940) < 5.4 × 10−6 CL=90% 3148J/ψ(1S)X (4160) < 5.4 × 10−6 CL=90% 3018X (4350) anything, X →J/ψ(1S)φ < 8.1 × 10−6 CL=90% {Z (3900)± anything, Z →J/ψ(1S)π±

< 1.3 × 10−5 CL=90% {Z (4200)± anything, Z →J/ψ(1S)π±

< 6.0 × 10−5 CL=90% {Z (4430)± anything, Z →J/ψ(1S)π±

< 4.9 × 10−5 CL=90% {X±

cs
anything, X → J/ψK±

< 5.7 × 10−6 CL=90% {
χ1(3872) anything, χ1 →J/ψ(1S)π+π−

< 9.5 × 10−6 CL=90% {
ψ(4260) anything, ψ →J/ψ(1S)π+π−

< 3.8 × 10−5 CL=90% {
ψ(4260) anything, ψ →J/ψ(1S)K+K−

< 7.5 × 10−6 CL=90% {
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140140140140 Meson Summary Table
χ1(4140) anything, χ1 →J/ψ(1S)φ < 5.2 × 10−6 CL=90% {

χ0 anything < 4 × 10−3 CL=90% {
χ1 anything ( 1.90 ±0.35 )× 10−4 {
χ1(1P)Xtetra < 3.78 × 10−5 CL=90% {
χ2 anything ( 2.8 ±0.8 )× 10−4 {
ψ(2S) anything ( 1.23 ±0.20 )× 10−4 {

ψ(2S)η < 3.6 × 10−6 CL=90% 3345
ψ(2S)χ0 < 6.5 × 10−6 CL=90% 3124
ψ(2S)χ1 < 4.5 × 10−6 CL=90% 3070
ψ(2S)χ2 < 2.1 × 10−6 CL=90% 3043
ψ(2S)η (2S) < 3.2 × 10−6 CL=90% 2994
ψ(2S)X (3940) < 2.9 × 10−6 CL=90% 2797
ψ(2S)X (4160) < 2.9 × 10−6 CL=90% 2642
ψ(4260) anything, ψ →

ψ(2S)π+π−

< 7.9 × 10−5 CL=90% {
ψ(4360) anything, ψ →

ψ(2S)π+π−

< 5.2 × 10−5 CL=90% {
ψ(4660) anything, ψ →

ψ(2S)π+π−

< 2.2 × 10−5 CL=90% {X (4050)± anything, X →

ψ(2S)π±

< 8.8 × 10−5 CL=90% {Z (4430)± anything, Z →

ψ(2S)π±

< 6.7 × 10−5 CL=90% {
ρπ < 3.68 × 10−6 CL=90% 4697
ωπ0 < 3.90 × 10−6 CL=90% 4697
π+π−

< 5 × 10−4 CL=90% 4728K+K−
< 5 × 10−4 CL=90% 4704pp < 5 × 10−4 CL=90% 4636

π+π−π0 ( 2.1 ±0.8 )× 10−6 4725
φK+K− ( 2.4 ±0.5 )× 10−6 4622
ωπ+π− ( 4.5 ±1.0 )× 10−6 4694K∗(892)0K−π++ .. ( 4.4 ±0.8 )× 10−6 4667
φ f ′2(1525) < 1.63 × 10−6 CL=90% 4549
ω f2(1270) < 1.79 × 10−6 CL=90% 4611
ρ(770)a2(1320) < 2.24 × 10−6 CL=90% 4605K∗(892)0K∗2(1430)0+ .. ( 3.0 ±0.8 )× 10−6 4579K1(1270)±K∓

< 2.41 × 10−6 CL=90% 4631K1(1400)±K∓ ( 1.0 ±0.4 )× 10−6 4613b1(1235)±π∓
< 1.25 × 10−6 CL=90% 4649

π+π−π0π0 ( 1.28 ±0.30 )× 10−5 4720K0S K+π−+ .. ( 1.6 ±0.4 )× 10−6 4696K∗(892)0K0+ .. ( 2.9 ±0.9 )× 10−6 4675K∗(892)−K++ .. < 1.11 × 10−6 CL=90% 4675f1(1285) anything ( 4.6 ±3.1 )× 10−3 {D∗(2010)± anything ( 2.52 ±0.20 ) % {f1(1285)Xtetra < 6.24 × 10−5 CL=90% {2H anything ( 2.85 ±0.25 )× 10−5 {Sum of 100 exlusive modes ( 1.200±0.017) % {Radiative deaysRadiative deaysRadiative deaysRadiative deays
γπ+π− ( 6.3 ±1.8 )× 10−5 4728
γπ0π0 ( 1.7 ±0.7 )× 10−5 4728
γπ0 η < 2.4 × 10−6 CL=90% 4713
γK+K− [yyaa℄ ( 1.14 ±0.13 )× 10−5 4704
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Meson Summary Table 141141141141
γ pp [zzaa℄ < 6 × 10−6 CL=90% 4636
γ 2h+2h− ( 7.0 ±1.5 )× 10−4 4720
γ 3h+3h− ( 5.4 ±2.0 )× 10−4 4703
γ 4h+4h− ( 7.4 ±3.5 )× 10−4 4679
γπ+π−K+K− ( 2.9 ±0.9 )× 10−4 4686
γ 2π+2π− ( 2.5 ±0.9 )× 10−4 4720
γ 3π+3π− ( 2.5 ±1.2 )× 10−4 4703
γ 2π+2π−K+K− ( 2.4 ±1.2 )× 10−4 4658
γπ+π−pp ( 1.5 ±0.6 )× 10−4 4604
γ 2π+2π−pp ( 4 ±6 )× 10−5 4563
γ 2K+2K− ( 2.0 ±2.0 )× 10−5 4601
γ η′(958) < 1.9 × 10−6 CL=90% 4682
γ η < 1.0 × 10−6 CL=90% 4714
γ f0(980) < 3 × 10−5 CL=90% 4678
γ f ′2(1525) ( 3.8 ±0.9 )× 10−5 4607
γ f2(1270) ( 1.01 ±0.09 )× 10−4 4644
γ η(1405) < 8.2 × 10−5 CL=90% 4625
γ f0(1500) < 1.5 × 10−5 CL=90% 4611
γ f0(1710) < 2.6 × 10−4 CL=90% 4573

γ f0(1710) → γK+K−
< 7 × 10−6 CL=90% {

γ f0(1710) → γπ0π0 < 1.4 × 10−6 CL=90% {
γ f0(1710) → γ ηη < 1.8 × 10−6 CL=90% {

γ f4(2050) < 5.3 × 10−5 CL=90% 4515
γ f0(2200) → γK+K−

< 2 × 10−4 CL=90% 4475
γ fJ (2220) → γK+K−

< 8 × 10−7 CL=90% 4469
γ fJ (2220) → γπ+π−

< 6 × 10−7 CL=90% {
γ fJ (2220) → γ pp < 1.1 × 10−6 CL=90% {
γ η(2225) → γφφ < 3 × 10−3 CL=90% 4469
γ η (1S) < 5.7 × 10−5 CL=90% 4260
γχ0 < 6.5 × 10−4 CL=90% 4114
γχ1 < 2.3 × 10−5 CL=90% 4079
γχ2 < 7.6 × 10−6 CL=90% 4062
γχ1(3872) → π+π− J/ψ < 1.6 × 10−6 CL=90% {
γχ1(3872) → π+π−π0 J/ψ < 2.8 × 10−6 CL=90% {
γX (3915) → ωJ/ψ < 3.0 × 10−6 CL=90% {
γχ1(4140) → φJ/ψ < 2.2 × 10−6 CL=90% {
γX [aabb℄ < 4.5 × 10−6 CL=90% {
γX X (mX < 3.1 GeV) [bbbb℄ < 1 × 10−3 CL=90% {
γX X (mX < 4.5 GeV) [bb℄ < 2.4 × 10−4 CL=90% {
γX → γ+ ≥ 4 prongs [ddbb℄ < 1.78 × 10−4 CL=95% {
γ a01 → γµ+µ− [eebb℄ < 9 × 10−6 CL=90% {
γ a01 → γ τ+ τ− [yyaa℄ < 1.30 × 10−4 CL=90% {
γ a01 → γ g g [�bb℄ < 1 % CL=90% {
γ a01 → γ s s [�bb℄ < 1 × 10−3 CL=90% {Lepton Family number (LF) violating modesLepton Family number (LF) violating modesLepton Family number (LF) violating modesLepton Family number (LF) violating modes
µ± τ∓ LF < 6.0 × 10−6 CL=95% 4563Other deaysOther deaysOther deaysOther deaysinvisible < 3.0 × 10−4 CL=90% {
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142142142142 Meson Summary Table
χb0(1P)χb0(1P)χb0(1P)χb0(1P) [ggbb℄ IG (JPC ) = 0+(0 + +)J needs on�rmation.Mass m = 9859.44 ± 0.42 ± 0.31 MeV p

χb0(1P) DECAY MODESχb0(1P) DECAY MODESχb0(1P) DECAY MODESχb0(1P) DECAY MODES Fration (�i /�) Con�dene level (MeV/)
γ�(1S) ( 1.94±0.27) % 391D0X < 10.4 % 90% {
π+π−K+K−π0 < 1.6 × 10−4 90% 48752π+π−K−K0S < 5 × 10−5 90% 48752π+π−K−K0S 2π0 < 5 × 10−4 90% 48462π+2π−2π0 < 2.1 × 10−4 90% 49052π+2π−K+K− ( 1.1 ±0.6 )× 10−4 48612π+2π−K+K−π0 < 2.7 × 10−4 90% 48462π+2π−K+K−2π0 < 5 × 10−4 90% 48283π+2π−K−K0S π0 < 1.6 × 10−4 90% 48273π+3π−

< 8 × 10−5 90% 49043π+3π−2π0 < 6 × 10−4 90% 48813π+3π−K+K− ( 2.4 ±1.2 )× 10−4 48273π+3π−K+K−π0 < 1.0 × 10−3 90% 48084π+4π−
< 8 × 10−5 90% 48804π+4π−2π0 < 2.1 × 10−3 90% 4850J/ψJ/ψ < 7 × 10−5 90% 3836J/ψψ(2S) < 1.2 × 10−4 90% 3571

ψ(2S)ψ(2S) < 3.1 × 10−5 90% 3273J/ψ(1S)anything < 2.3 × 10−3 90% {
χb1(1P)χb1(1P)χb1(1P)χb1(1P) [ggbb℄ IG (JPC ) = 0+(1 + +)J needs on�rmation.Mass m = 9892.78 ± 0.26 ± 0.31 MeV p

χb1(1P) DECAY MODESχb1(1P) DECAY MODESχb1(1P) DECAY MODESχb1(1P) DECAY MODES Fration (�i /�) Con�dene level (MeV/)
γ�(1S) (35.0 ±2.1) % 423D0X (12.6 ±2.2) % {
π+π−K+K−π0 ( 2.0 ±0.6)× 10−4 48922π+π−K−K0S ( 1.3 ±0.5)× 10−4 48922π+π−K−K0S 2π0 < 6 × 10−4 90% 48632π+2π−2π0 ( 8.0 ±2.5)× 10−4 49212π+2π−K+K− ( 1.5 ±0.5)× 10−4 48782π+2π−K+K−π0 ( 3.5 ±1.2)× 10−4 48632π+2π−K+K−2π0 ( 8.6 ±3.2)× 10−4 48453π+2π−K−K0S π0 ( 9.3 ±3.3)× 10−4 48443π+3π− ( 1.9 ±0.6)× 10−4 49213π+3π−2π0 ( 1.7 ±0.5)× 10−3 48983π+3π−K+K− ( 2.6 ±0.8)× 10−4 48443π+3π−K+K−π0 ( 7.5 ±2.6)× 10−4 48254π+4π− ( 2.6 ±0.9)× 10−4 48974π+4π−2π0 ( 1.4 ±0.6)× 10−3 4867
ωanything ( 4.9 ±1.4) % {

ωXtetra < 4.44 × 10−4 90% {J/ψJ/ψ < 2.7 × 10−5 90% 3857
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Meson Summary Table 143143143143J/ψψ(2S) < 1.7 × 10−5 90% 3594
ψ(2S)ψ(2S) < 6 × 10−5 90% 3298J/ψ(1S)anything < 1.1 × 10−3 90% {J/ψ(1S)Xtetra < 2.27 × 10−4 90% {hb(1P)hb(1P)hb(1P)hb(1P) IG (JPC ) = ??(1 +−)Mass m = 9899.3 ± 0.8 MeVhb(1P) DECAY MODEShb(1P) DECAY MODEShb(1P) DECAY MODEShb(1P) DECAY MODES Fration (�i /�) p (MeV/)
ηb(1S)γ (52+6

−5) % 488
χb2(1P)χb2(1P)χb2(1P)χb2(1P) [ggbb℄ IG (JPC ) = 0+(2 + +)J needs on�rmation.Mass m = 9912.21 ± 0.26 ± 0.31 MeV p

χb2(1P) DECAY MODESχb2(1P) DECAY MODESχb2(1P) DECAY MODESχb2(1P) DECAY MODES Fration (�i /�) Con�dene level (MeV/)
γ�(1S) (18.8±1.1) % 442D0X < 7.9 % 90% {
π+π−K+K−π0 ( 8 ±5 )× 10−5 49022π+π−K−K0S < 1.0 × 10−4 90% 49012π+π−K−K0S 2π0 ( 5.3±2.4)× 10−4 48732π+2π−2π0 ( 3.5±1.4)× 10−4 49312π+2π−K+K− ( 1.1±0.4)× 10−4 48882π+2π−K+K−π0 ( 2.1±0.9)× 10−4 48722π+2π−K+K−2π0 ( 3.9±1.8)× 10−4 48553π+2π−K−K0S π0 < 5 × 10−4 90% 48543π+3π− ( 7.0±3.1)× 10−5 49313π+3π−2π0 ( 1.0±0.4)× 10−3 49083π+3π−K+K−

< 8 × 10−5 90% 48543π+3π−K+K−π0 ( 3.6±1.5)× 10−4 48354π+4π− ( 8 ±4 )× 10−5 49074π+4π−2π0 ( 1.8±0.7)× 10−3 4877J/ψJ/ψ < 4 × 10−5 90% 3869J/ψψ(2S) < 5 × 10−5 90% 3608
ψ(2S)ψ(2S) < 1.6 × 10−5 90% 3313J/ψ(1S)anything ( 1.5±0.4)× 10−3 {�(2S)�(2S)�(2S)�(2S) IG (JPC ) = 0−(1−−)Mass m = 10023.26 ± 0.31 MeVm�(3S) − m�(2S) = 331.50 ± 0.13 MeVFull width � = 31.98 ± 2.63 keV�ee = 0.612 ± 0.011 keV Sale fator/ p�(2S) DECAY MODES�(2S) DECAY MODES�(2S) DECAY MODES�(2S) DECAY MODES Fration (�i /�) Con�dene level (MeV/)�(1S)π+π− (17.85± 0.26) % 475�(1S)π0π0 ( 8.6 ± 0.4 ) % 480
τ+ τ− ( 2.00± 0.21) % 4686
µ+µ− ( 1.93± 0.17) % S=2.2 5011
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144144144144 Meson Summary Tablee+ e− ( 1.91± 0.16) % 5012�(1S)π0 < 4 × 10−5 CL=90% 531�(1S)η ( 2.9 ± 0.4 )× 10−4 S=2.0 126J/ψ(1S) anything < 6 × 10−3 CL=90% 4533J/ψ(1S)η < 5.4 × 10−6 CL=90% 3984J/ψ(1S)χ0 < 3.4 × 10−6 CL=90% 3808J/ψ(1S)χ1 < 1.2 × 10−6 CL=90% 3765J/ψ(1S)χ2 < 2.0 × 10−6 CL=90% 3744J/ψ(1S)η (2S) < 2.5 × 10−6 CL=90% 3706J/ψ(1S)X (3940) < 2.0 × 10−6 CL=90% 3555J/ψ(1S)X (4160) < 2.0 × 10−6 CL=90% 3440
χ1 anything ( 2.2 ± 0.5 )× 10−4 {
χ1(1P)0Xtetra < 3.67 × 10−5 CL=90% {
χ2 anything ( 2.3 ± 0.8 )× 10−4 {
ψ(2S)η < 5.1 × 10−6 CL=90% 3732
ψ(2S)χ0 < 4.7 × 10−6 CL=90% 3536
ψ(2S)χ1 < 2.5 × 10−6 CL=90% 3488
ψ(2S)χ2 < 1.9 × 10−6 CL=90% 3464
ψ(2S)η (2S) < 3.3 × 10−6 CL=90% 3422
ψ(2S)X (3940) < 3.9 × 10−6 CL=90% 3250
ψ(2S)X (4160) < 3.9 × 10−6 CL=90% 31182H anything ( 2.78+ 0.30

− 0.26)× 10−5 S=1.2 {hadrons (94 ±11 ) % {g g g (58.8 ± 1.2 ) % {
γ g g ( 1.87± 0.28) % {

φK+K− ( 1.6 ± 0.4 )× 10−6 4910
ωπ+π−

< 2.58 × 10−6 CL=90% 4977K∗(892)0K−π++ .. ( 2.3 ± 0.7 )× 10−6 4952
φ f ′2(1525) < 1.33 × 10−6 CL=90% 4841
ω f2(1270) < 5.7 × 10−7 CL=90% 4899
ρ(770)a2(1320) < 8.8 × 10−7 CL=90% 4894K∗(892)0K∗2(1430)0+ .. ( 1.5 ± 0.6 )× 10−6 4869K1(1270)±K∓

< 3.22 × 10−6 CL=90% 4918K1(1400)±K∓
< 8.3 × 10−7 CL=90% 4901b1(1235)±π∓
< 4.0 × 10−7 CL=90% 4935

ρπ < 1.16 × 10−6 CL=90% 4981
π+π−π0 < 8.0 × 10−7 CL=90% 5007
ωπ0 < 1.63 × 10−6 CL=90% 4980
π+π−π0π0 ( 1.30± 0.28)× 10−5 5002K0S K+π−+ .. ( 1.14± 0.33)× 10−6 4979K∗(892)0K0+ .. < 4.22 × 10−6 CL=90% 4959K∗(892)−K++ .. < 1.45 × 10−6 CL=90% 4960f1(1285)anything ( 2.2 ± 1.6 )× 10−3 {f1(1285)Xtetra < 6.47 × 10−5 CL=90% {Sum of 100 exlusive modes ( 2.90± 0.30)× 10−3 {Radiative deaysRadiative deaysRadiative deaysRadiative deays
γχb1(1P) ( 6.9 ± 0.4 ) % 130
γχb2(1P) ( 7.15± 0.35) % 110
γχb0(1P) ( 3.8 ± 0.4 ) % 162
γ f0(1710) < 5.9 × 10−4 CL=90% 4864
γ f ′2(1525) < 5.3 × 10−4 CL=90% 4896
γ f2(1270) < 2.41 × 10−4 CL=90% 4930
γ η (1S) < 2.7 × 10−5 CL=90% 4567
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Meson Summary Table 145145145145
γχ0 < 1.0 × 10−4 CL=90% 4430
γχ1 < 3.6 × 10−6 CL=90% 4397
γχ2 < 1.5 × 10−5 CL=90% 4381
γχ1(3872) → π+π− J/ψ < 8 × 10−7 CL=90% {
γχ1(3872) → π+π−π0 J/ψ < 2.4 × 10−6 CL=90% {
γX (3915) → ωJ/ψ < 2.8 × 10−6 CL=90% {
γχ1(4140) → φJ/ψ < 1.2 × 10−6 CL=90% {
γX (4350) → φJ/ψ < 1.3 × 10−6 CL=90% {
γ ηb(1S) ( 3.9 ± 1.5 )× 10−4 605
γ ηb(1S) → γSum of 26 exlu-sive modes < 3.7 × 10−6 CL=90% {
γX b b → γSum of 26 exlusivemodes < 4.9 × 10−6 CL=90% {
γX → γ+ ≥ 4 prongs [hhbb℄ < 1.95 × 10−4 CL=95% {
γA0 → γ hadrons < 8 × 10−5 CL=90% {
γ a01 → γµ+µ−

< 8.3 × 10−6 CL=90% {Lepton Family number (LF) violating modesLepton Family number (LF) violating modesLepton Family number (LF) violating modesLepton Family number (LF) violating modese± τ∓ LF < 3.2 × 10−6 CL=90% 4854
µ± τ∓ LF < 3.3 × 10−6 CL=90% 4854�2(1D)�2(1D)�2(1D)�2(1D) IG (JPC ) = 0−(2−−)Mass m = 10163.7 ± 1.4 MeV (S = 1.7)�2(1D) DECAY MODES�2(1D) DECAY MODES�2(1D) DECAY MODES�2(1D) DECAY MODES Fration (�i /�) p (MeV/)
π+π−�(1S) (6.6±1.6)× 10−3 623See Partile Listings for 3 deay modes that have been seen / not seen.
χb0(2P)χb0(2P)χb0(2P)χb0(2P) [ggbb℄ IG (JPC ) = 0+(0 + +)J needs on�rmation.Mass m = 10232.5 ± 0.4 ± 0.5 MeV p

χb0(2P) DECAY MODESχb0(2P) DECAY MODESχb0(2P) DECAY MODESχb0(2P) DECAY MODES Fration (�i /�) Con�dene level (MeV/)
γ�(2S) (1.38±0.30) % 207
γ�(1S) (3.8 ±1.7 )× 10−3 743D0X < 8.2 % 90% {
π+π−K+K−π0 < 3.4 × 10−5 90% 50642π+π−K−K0S < 5 × 10−5 90% 50632π+π−K−K0S 2π0 < 2.2 × 10−4 90% 50362π+2π−2π0 < 2.4 × 10−4 90% 50922π+2π−K+K−

< 1.5 × 10−4 90% 50502π+2π−K+K−π0 < 2.2 × 10−4 90% 50352π+2π−K+K−2π0 < 1.1 × 10−3 90% 50193π+2π−K−K0S π0 < 7 × 10−4 90% 50183π+3π−
< 7 × 10−5 90% 50913π+3π−2π0 < 1.2 × 10−3 90% 50703π+3π−K+K−
< 1.5 × 10−4 90% 50173π+3π−K+K−π0 < 7 × 10−4 90% 49994π+4π−
< 1.7 × 10−4 90% 50694π+4π−2π0 < 6 × 10−4 90% 5039
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χb1(2P)χb1(2P)χb1(2P)χb1(2P) [ggbb℄ IG (JPC ) = 0+(1 + +)J needs on�rmation.Mass m = 10255.46 ± 0.22 ± 0.50 MeVmχb1(2P) − mχb0(2P) = 23.5 ± 1.0 MeV

χb1(2P) DECAY MODESχb1(2P) DECAY MODESχb1(2P) DECAY MODESχb1(2P) DECAY MODES Fration (�i /�) p (MeV/)
ω�(1S) ( 1.63+0.40

−0.34) % 135
γ�(2S) (18.1 ±1.9 ) % 230
γ�(1S) ( 9.9 ±1.0 ) % 764
ππχb1(1P) ( 9.1 ±1.3 )× 10−3 238D0X ( 8.8 ±1.7 ) % {
π+π−K+K−π0 ( 3.1 ±1.0 )× 10−4 50752π+π−K−K0S ( 1.1 ±0.5 )× 10−4 50752π+π−K−K0S 2π0 ( 7.7 ±3.2 )× 10−4 50472π+2π−2π0 ( 5.9 ±2.0 )× 10−4 51042π+2π−K+K− (10 ±4 )× 10−5 50622π+2π−K+K−π0 ( 5.5 ±1.8 )× 10−4 50472π+2π−K+K−2π0 (10 ±4 )× 10−4 50303π+2π−K−K0S π0 ( 6.7 ±2.6 )× 10−4 50293π+3π− ( 1.2 ±0.4 )× 10−4 51033π+3π−2π0 ( 1.2 ±0.4 )× 10−3 50813π+3π−K+K− ( 2.0 ±0.8 )× 10−4 50293π+3π−K+K−π0 ( 6.1 ±2.2 )× 10−4 50114π+4π− ( 1.7 ±0.6 )× 10−4 50804π+4π−2π0 ( 1.9 ±0.7 )× 10−3 5051
χb2(2P)χb2(2P)χb2(2P)χb2(2P) [ggbb℄ IG (JPC ) = 0+(2 + +)J needs on�rmation.Mass m = 10268.65 ± 0.22 ± 0.50 MeVmχb2(2P) − mχb1(2P) = 13.10 ± 0.24 MeV p

χb2(2P) DECAY MODESχb2(2P) DECAY MODESχb2(2P) DECAY MODESχb2(2P) DECAY MODES Fration (�i /�) Con�dene level (MeV/)
ω�(1S) (1.10+0.34

−0.30) % 194
γ�(2S) (8.9 ±1.2 ) % 242
γ�(1S) (6.6 ±0.8 ) % 777
ππχb2(1P) (5.1 ±0.9 )× 10−3 229D0X < 2.4 % 90% {
π+π−K+K−π0 < 1.1 × 10−4 90% 50822π+π−K−K0S < 9 × 10−5 90% 50822π+π−K−K0S 2π0 < 7 × 10−4 90% 50542π+2π−2π0 (3.9 ±1.6 )× 10−4 51102π+2π−K+K− (9 ±4 )× 10−5 50682π+2π−K+K−π0 (2.4 ±1.1 )× 10−4 50542π+2π−K+K−2π0 (4.7 ±2.3 )× 10−4 50373π+2π−K−K0S π0 < 4 × 10−4 90% 50363π+3π− (9 ±4 )× 10−5 51103π+3π−2π0 (1.2 ±0.4 )× 10−3 50883π+3π−K+K− (1.4 ±0.7 )× 10−4 50363π+3π−K+K−π0 (4.2 ±1.7 )× 10−4 50174π+4π− (9 ±5 )× 10−5 50874π+4π−2π0 (1.3 ±0.5 )× 10−3 5058
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Meson Summary Table 147147147147�(3S)�(3S)�(3S)�(3S) IG (JPC ) = 0−(1−−)Mass m = 10355.2 ± 0.5 MeVm�(3S) − m�(2S) = 331.50 ± 0.13 MeVFull width � = 20.32 ± 1.85 keV�ee = 0.443 ± 0.008 keV Sale fator/ p�(3S) DECAY MODES�(3S) DECAY MODES�(3S) DECAY MODES�(3S) DECAY MODES Fration (�i /�) Con�dene level (MeV/)�(2S)anything (10.6 ± 0.8 ) % 296�(2S)π+π− ( 2.82± 0.18) % S=1.6 177�(2S)π0π0 ( 1.85± 0.14) % 190�(2S)γ γ ( 5.0 ± 0.7 ) % 327�(2S)π0 < 5.1 × 10−4 CL=90% 298�(1S)π+π− ( 4.37± 0.08) % 813�(1S)π0π0 ( 2.20± 0.13) % 816�(1S)η < 1 × 10−4 CL=90% 677�(1S)π0 < 7 × 10−5 CL=90% 846hb(1P)π0 < 1.2 × 10−3 CL=90% 426hb(1P)π0 → γ ηb(1S)π0 ( 4.3 ± 1.4 )× 10−4 {hb(1P)π+π−
< 1.2 × 10−4 CL=90% 353

τ+ τ− ( 2.29± 0.30) % 4863
µ+µ− ( 2.18± 0.21) % S=2.1 5177e+ e− ( 2.18± 0.20) % 5178hadrons (93 ±12 ) % {g g g (35.7 ± 2.6 ) % {
γ g g ( 9.7 ± 1.8 )× 10−3 {2H anything ( 2.33± 0.33)× 10−5 {Radiative deaysRadiative deaysRadiative deaysRadiative deays
γχb2(2P) (13.1 ± 1.6 ) % S=3.4 86
γχb1(2P) (12.6 ± 1.2 ) % S=2.4 99
γχb0(2P) ( 5.9 ± 0.6 ) % S=1.4 122
γχb2(1P) ( 9.9 ± 1.2 )× 10−3 S=1.9 434
γχb1(1P) ( 9 ± 5 )× 10−4 S=1.8 452
γχb0(1P) ( 2.7 ± 0.4 )× 10−3 484
γ ηb(2S) < 6.2 × 10−4 CL=90% 350
γ ηb(1S) ( 5.1 ± 0.7 )× 10−4 912
γA0 → γ hadrons < 8 × 10−5 CL=90% {
γX → γ+ ≥ 4 prongs [iibb℄ < 2.2 × 10−4 CL=95% {
γ a01 → γµ+µ−

< 5.5 × 10−6 CL=90% {
γ a01 → γ τ+ τ− [jjbb℄ < 1.6 × 10−4 CL=90% {Lepton Family number (LF) violating modesLepton Family number (LF) violating modesLepton Family number (LF) violating modesLepton Family number (LF) violating modese± τ∓ LF < 4.2 × 10−6 CL=90% 5025
µ± τ∓ LF < 3.1 × 10−6 CL=90% 5025
χb1(3P)χb1(3P)χb1(3P)χb1(3P) IG (JPC ) = 0+(1 + +)Mass m = 10512.1 ± 2.3 MeV
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148148148148 Meson Summary Table�(4S)�(4S)�(4S)�(4S) IG (JPC ) = 0−(1−−)Mass m = 10579.4 ± 1.2 MeVFull width � = 20.5 ± 2.5 MeV�ee = 0.272 ± 0.029 keV (S = 1.5) p�(4S) DECAY MODES�(4S) DECAY MODES�(4S) DECAY MODES�(4S) DECAY MODES Fration (�i /�) Con�dene level (MeV/)BB > 96 % 95% 326B+B− (51.4 ±0.6 ) % 331D+s anything + .. (17.8 ±2.6 ) % {B0B0 (48.6 ±0.6 ) % 326J/ψK0S + (J/ψ, η )K0S < 4 × 10−7 90% {non-BB < 4 % 95% {e+ e− ( 1.57±0.08)× 10−5 5290
ρ+ρ− < 5.7 × 10−6 90% 5233K∗(892)0K0

< 2.0 × 10−6 90% 5240J/ψ(1S) anything < 1.9 × 10−4 95% {D∗+ anything + .. < 7.4 % 90% 5099
φ anything ( 7.1 ±0.6 ) % 5240

φη < 1.8 × 10−6 90% 5226
φη′ < 4.3 × 10−6 90% 5196

ρη < 1.3 × 10−6 90% 5247
ρη′ < 2.5 × 10−6 90% 5217�(1S) anything < 4 × 10−3 90% 1053�(1S)π+π− ( 8.2 ±0.4 )× 10−5 1026�(1S)η ( 1.81±0.18)× 10−4 924�(2S)π+π− ( 8.2 ±0.8 )× 10−5 468hb(1P)η ( 2.18±0.21)× 10−3 3902H anything < 1.3 × 10−5 90% {Double Radiative DeaysDouble Radiative DeaysDouble Radiative DeaysDouble Radiative Deays

γ γ�(D) → γ γ η�(1S) < 2.3 × 10−5 90% {See Partile Listings for 1 deay modes that have been seen / not seen.Zb(10610)Zb(10610)Zb(10610)Zb(10610) IG (JPC ) = 1+(1 +−)Mass m = 10607.2 ± 2.0 MeVFull width � = 18.4 ± 2.4 MeVZb(10610) DECAY MODESZb(10610) DECAY MODESZb(10610) DECAY MODESZb(10610) DECAY MODES Fration (�i /�) p (MeV/)�(1S)π+ ( 5.4+1.9
−1.5)× 10−3 1077�(2S)π+ ( 3.6+1.1
−0.8) % 551�(3S)π+ ( 2.1+0.8
−0.6) % 207hb(1P)π+ ( 3.5+1.2
−0.9) % 671hb(2P)π+ ( 4.7+1.7
−1.3) % 313B+B∗0 + B∗+B0 (85.6+2.1
−2.9) % {See Partile Listings for 5 deay modes that have been seen / not seen.

db2018.pp-ALL.pdf   149 9/14/18   4:35 PM



Meson Summary Table 149149149149�(10860)�(10860)�(10860)�(10860) IG (JPC ) = 0−(1−−)Mass m = 10889.9+3.2
−2.6 MeVFull width � = 51+6

−7 MeV�ee = 0.31 ± 0.07 keV (S = 1.3) p�(10860) DECAY MODES�(10860) DECAY MODES�(10860) DECAY MODES�(10860) DECAY MODES Fration (�i /�) Con�dene level (MeV/)BBX ( 76.2 +2.7
−4.0 ) % {BB ( 5.5 ±1.0 ) % 1332BB∗ + .. ( 13.7 ±1.6 ) % {B∗B∗ ( 38.1 ±3.4 ) % 1138BB(∗)π < 19.7 % 90% 1027BB π ( 0.0 ±1.2 ) % 1027B∗B π + BB∗π ( 7.3 ±2.3 ) % {B∗B∗π ( 1.0 ±1.4 ) % 756BB ππ < 8.9 % 90% 574B(∗)s B(∗)s ( 20.1 ±3.1 ) % 919Bs Bs ( 5 ±5 )× 10−3 919Bs B∗s + .. ( 1.35±0.32) % {B∗s B∗s ( 17.6 ±2.7 ) % 566no open-bottom ( 3.8 +5.0
−0.5 ) % {e+ e− ( 6.1 ±1.6 )× 10−6 5445K∗(892)0K0

< 1.0 × 10−5 90% 5397�(1S)π+π− ( 5.3 ±0.6 )× 10−3 1310�(2S)π+π− ( 7.8 ±1.3 )× 10−3 788�(3S)π+π− ( 4.8 +1.9
−1.7 )× 10−3 445�(1S)K+K− ( 6.1 ±1.8 )× 10−4 965hb(1P)π+π− ( 3.5 +1.0
−1.3 )× 10−3 907hb(2P)π+π− ( 5.7 +1.7
−2.1 )× 10−3 548

χb0(1P)π+π−π0 < 6.3 × 10−3 90% 899
χb0(1P)ω < 3.9 × 10−3 90% 638
χb0(1P)(π+π−π0)non−ω < 4.8 × 10−3 90% {

χb1(1P)π+π−π0 ( 1.85±0.33)× 10−3 865
χb1(1P)ω ( 1.57±0.30)× 10−3 589
χb1(1P)(π+π−π0)non−ω ( 5.2 ±1.9 )× 10−4 {

χb2(1P)π+π−π0 ( 1.17±0.30)× 10−3 846
χb2(1P)ω ( 6.0 ±2.7 )× 10−4 559
χb2(1P)(π+π−π0)non−ω ( 6 ±4 )× 10−4 {

γXb → γ�(1S)ω < 3.8 × 10−5 90% {Inlusive Deays.Inlusive Deays.Inlusive Deays.Inlusive Deays.These deay modes are submodes of one or more of the deay modesabove.
φ anything ( 13.8 +2.4

−1.7 ) % {D0 anything + .. (108 ±8 ) % {Ds anything + .. ( 46 ±6 ) % {J/ψ anything ( 2.06±0.21) % {B0 anything + .. ( 77 ±8 ) % {B+ anything + .. ( 72 ±6 ) % {
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150150150150 Meson Summary Table�(11020)�(11020)�(11020)�(11020) IG (JPC ) = 0−(1−−)Mass m = 10992.9+10.0
− 3.1 MeVFull width � = 49+ 9

−15 MeV�ee = 0.130 ± 0.030 keV�(11020) DECAY MODES�(11020) DECAY MODES�(11020) DECAY MODES�(11020) DECAY MODES Fration (�i /�) p (MeV/)e+ e− (2.7+1.0
−0.8)× 10−6 5496NOTESIn this Summary Table:When a quantity has \(S = . . .)" to its right, the error on the quantity has beenenlarged by the \sale fator" S, de�ned as S = √

χ2/(N − 1), where N is thenumber of measurements used in alulating the quantity.A deay momentum p is given for eah deay mode. For a 2-body deay, p is themomentum of eah deay produt in the rest frame of the deaying partile. For a3-or-more-body deay, p is the largest momentum any of the produts an have inthis frame.[a℄ See the \Note on π±
→ ℓ±ν γ and K±

→ ℓ±ν γ Form Fators"in the π± Partile Listings in the Full Review of Partile Physis forde�nitions and details.[b℄ Measurements of �(e+ νe)/�(µ+ νµ) always inlude deays with γ's,and measurements of �(e+ νe γ) and �(µ+νµ γ) never inlude low-energy γ's. Therefore, sine no lean separation is possible, we onsiderthe modes with γ's to be subreations of the modes without them, andlet [�(e+ νe ) + �(µ+ νµ)℄/�total = 100%.[ ℄ See the π± Partile Listings in the Full Review of Partile Physis forthe energy limits used in this measurement; low-energy γ's are notinluded.[d ℄ Derived from an analysis of neutrino-osillation experiments.[e℄ Astrophysial and osmologial arguments give limits of order 10−13;see the π0 Partile Listings in the Full Review of Partile Physis.[f ℄ C parity forbids this to our as a single-photon proess.[g ℄ See the \Note on salar mesons" in the f0(500) Partile Listings in theFull Review of Partile Physis. The interpretation of this entry as apartile is ontroversial.[h℄ See the \Note on ρ(770)" in the ρ(770) Partile Listings in the FullReview of Partile Physis.[i ℄ The ωρ interferene is then due to ωρ mixing only, and is expeted tobe small. If eµ universality holds, �(ρ0 → µ+µ−) = �(ρ0 → e+ e−)
× 0.99785.[j ℄ See the \Note on salar mesons" in the f0(500) Partile Listings in theFull Review of Partile Physis.[k ℄ See the \Note on a1(1260)" in the a1(1260) Partile Listings inPDG 06, Journal of Physis G33G33G33G33 1 (2006).[l ℄ This is only an eduated guess; the error given is larger than the erroron the average of the published values. See the Partile Listings in theFull Review of Partile Physis for details.[n℄ See the \Note on non-qq mesons" in the Partile Listings in PDG 06,Journal of Physis G33G33G33G33 1 (2006).
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Meson Summary Table 151151151151[o℄ See the \Note on the η(1405)" in the η(1405) Partile Listings in theFull Review of Partile Physis.[p℄ See the \Note on the f1(1420)" in the η(1405) Partile Listings in theFull Review of Partile Physis.[q℄ See also the ω(1650) Partile Listings.[r ℄ See the \Note on the ρ(1450) and the ρ(1700)" in the ρ(1700) PartileListings in the Full Review of Partile Physis.[s℄ See also the ω(1420) Partile Listings.[t℄ See the \Note on f0(1710)" in the f0(1710) Partile Listings in 2004edition of Review of Partile Physis.[u℄ See the note in the K± Partile Listings in the Full Review of PartilePhysis.[v ℄ Negleting photon hannels. See, e.g., A. Pais and S.B. Treiman, Phys.Rev. D12D12D12D12, 2744 (1975).[x ℄ The de�nition of the slope parameters of the K → 3π Dalitz plot is asfollows (see also \Note on Dalitz Plot Parameters for K → 3π Deays"in the K± Partile Listings in the Full Review of Partile Physis):
∣

∣M∣

∣

2 = 1 + g (s3 − s0)/m2
π+ + · · · .[y ℄ For more details and de�nitions of parameters see Partile Listings inthe Full Review of Partile Physis.[z ℄ See the K± Partile Listings in the Full Review of Partile Physis forthe energy limits used in this measurement.[aa℄ Most of this radiative mode, the low-momentum γ part, is also inludedin the parent mode listed without γ's.[bb℄ Struture-dependent part.[ ℄ Diret-emission branhing fration.[dd ℄ Violates angular-momentum onservation.[ee℄ Derived from measured values of φ+−, φ00, ∣

∣η
∣

∣, ∣

∣mK0L − mK0S ∣

∣, and
τK0S , as desribed in the introdution to \Tests of Conservation Laws."[� ℄ The CP-violation parameters are de�ned as follows (see also \Note onCP Violation in KS → 3π" and \Note on CP Violation in K0L Deay"in the Partile Listings in the Full Review of Partile Physis):
η+− = ∣

∣η+−

∣

∣eiφ+− = A(K0L → π+π−)A(K0S → π+π−) = ǫ + ǫ′

η00 = ∣

∣η00∣∣eiφ00 = A(K0L → π0π0)A(K0S → π0π0) = ǫ − 2ǫ′
δ = �(K0L → π− ℓ+ν) − �(K0L → π+ ℓ−ν)�(K0L → π− ℓ+ν) + �(K0L → π+ ℓ−ν) ,Im(η+−0)2 = �(K0S → π+π−π0)CP viol.�(K0L → π+π−π0) ,Im(η000)2 = �(K0S → π0π0π0)�(K0L → π0π0π0) .where for the last two relations CPT is assumed valid, i.e., Re(η+−0) ≃0 and Re(η000) ≃ 0.[gg ℄ See the K0S Partile Listings in the Full Review of Partile Physis forthe energy limits used in this measurement.
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152152152152 Meson Summary Table[hh℄ The value is for the sum of the harge states or partile/antipartilestates indiated.[ii ℄ Re(ǫ′/ǫ) = ǫ′/ǫ to a very good approximation provided the phasessatisfy CPT invariane.[jj ℄ This mode inludes gammas from inner bremsstrahlung but not thediret emission mode K0L → π+π− γ(DE).[kk ℄ See the K0L Partile Listings in the Full Review of Partile Physis forthe energy limits used in this measurement.[ll ℄ Allowed by higher-order eletroweak interations.[nn℄ Violates CP in leading order. Test of diret CP violation sine theindiret CP-violating and CP-onserving ontributions are expeted tobe suppressed.[oo℄ See the \Note on f0(1370)" in the f0(1370) Partile Listings in the FullReview of Partile Physis and in the 1994 edition.[pp℄ See the note in the L(1770) Partile Listings in Reviews of ModernPhysis 56565656 S1 (1984), p. S200. See also the \Note on K2(1770) andthe K2(1820)" in the K2(1770) Partile Listings in the Full Review ofPartile Physis.[qq℄ See the \Note on K2(1770) and the K2(1820)" in the K2(1770) PartileListings in the Full Review of Partile Physis.[rr ℄ This result applies to Z0
→   deays only. Here ℓ+ is an average(not a sum) of e+ and µ+ deays.[ss℄ See the Partile Listings for the (ompliated) de�nition of this quan-tity.[tt℄ The branhing fration for this mode may di�er from the sum of thesubmodes that ontribute to it, due to interferene e�ets. See therelevant papers in the Partile Listings in the Full Review of PartilePhysis.[uu℄ These subfrations of the K−2π+ mode are unertain: see the PartileListings.[vv ℄ Submodes of the D+

→ K−2π+π0 and K0S 2π+π− modes werestudied by ANJOS 92C and COFFMAN 92B, but with at most 142events for the �rst mode and 229 for the seond { not enough forpreise results. With nothing new for 18 years, we refer to our 2008edition, Physis Letters B667B667B667B667 1 (2008), for those results.[xx ℄ The unseen deay modes of the resonanes are inluded.[yy ℄ This is not a test for the �C=1 weak neutral urrent, but leads to the
π+ ℓ+ ℓ− �nal state.[zz ℄ This mode is not a useful test for a �C=1 weak neutral urrent beauseboth quarks must hange avor in this deay.[aaa℄ In the 2010 Review, the values for these quantities were given using ameasure of the asymmetry that was inonsistent with the usual de�ni-tion.[bbb℄ This value is obtained by subtrating the branhing frations for 2-, 4-and 6-prongs from unity.[ ℄ This is the sum of our K−2π+π−, K−2π+π−π0,K02π+ 2π−, K+2K−π+, 2π+2π−, 2π+2π−π0, K+K−π+π−, andK+K−π+π−π0, branhing frations.[ddd ℄ This is the sum of our K−3π+ 2π− and 3π+ 3π− branhing frations.[eee℄ The branhing frations for the K− e+νe , K∗(892)− e+νe , π− e+νe ,and ρ− e+νe modes add up to 6.19 ± 0.17 %.[�f ℄ This is a doubly Cabibbo-suppressed mode.
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Meson Summary Table 153153153153[ggg ℄ Submodes of the D0
→ K0S π+π−π0 mode with a K∗ and/or ρ werestudied by COFFMAN 92B, but with only 140 events. With nothingnew for 18 years, we refer to our 2008 edition, Physis Letters B667B667B667B667 1(2008), for those results.[hhh℄ This branhing fration inludes all the deay modes of the resonanein the �nal state.[iii ℄ This limit is for either D0 or D0 to pe−.[jjj ℄ This limit is for either D0 or D0 to pe+.[kkk ℄ This is the purely e+ semileptoni branhing fration: the e+ frationfrom τ+ deays has been subtrated o�. The sum of our (non-τ) e+exlusive frations | an e+νe with an η, η′, φ, K0, or K∗0 | is5.99 ± 0.31 %.[lll ℄ This fration inludes η from η′ deays.[nnn℄ The sum of our exlusive η′ frations | η′ e+ νe , η′µ+νµ, η′π+, η′ρ+,and η′K+ | is 11.8 ± 1.6%.[ooo℄ This branhing fration inludes all the deay modes of the �nal-stateresonane.[ppp℄ A test for uu or dd ontent in the D+s . Neither Cabibbo-favored norCabibbo-suppressed deays an ontribute, and ω − φ mixing is anunlikely explanation for any fration above about 2× 10−4.[qqq℄ We deouple the D+s → φπ+ branhing fration obtained from massprojetions (and used to get some of the other branhing frations)from the D+s → φπ+, φ → K+K− branhing fration obtained fromthe Dalitz-plot analysis of D+s → K+K−π+. That is, the ratio ofthese two branhing frations is not exatly the φ → K+K− branhingfration 0.491.[rrr ℄ This is the average of a model-independent and a K-matrix parametriza-tion of the π+π− S-wave and is a sum over several f0 mesons.[sss℄ An ℓ indiates an e or a µ mode, not a sum over these modes.[ttt℄ An CP(±1) indiates the CP=+1 and CP=−1 eigenstates of the D0-D0 system.[uuu℄ D denotes D0 or D0.[vvv ℄ D∗0

CP+ deays into D0π0 with the D0 reonstruted in CP-even eigen-states K+K− and π+π−.[xxx ℄ D∗∗ represents an exited state with mass 2.2 < M < 2.8 GeV/2.[yyy ℄ χ1(3872)+ is a hypothetial harged partner of the χ1(3872).[zzz ℄ �(1710)++ is a possible narrow pentaquark state and G (2220) is apossible glueball resonane.[aaaa℄ (�− p)s denotes a low-mass enhanement near 3.35 GeV/2.[bbaa℄ Stands for the possible andidates of K∗(1410), K∗0(1430) andK∗2(1430).[aa℄ B0 and B0s ontributions not separated. Limit is on weighted averageof the two deay rates.[ddaa℄ This deay refers to the oherent sum of resonant and nonresonant JP= 0+ K π omponents with 1.60 < mK π < 2.15 GeV/2.[eeaa℄ X (214) is a hypothetial partile of mass 214 MeV/2 reported by theHyperCP experiment, Physial Review Letters 94949494 021801 (2005)[�aa℄ �(1540)+ denotes a possible narrow pentaquark state.
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154154154154 Meson Summary Table[ggaa℄ Here S and P are the hypothetial salar and pseudosalar partileswith masses of 2.5 GeV/2 and 214.3 MeV/2, respetively.[hhaa℄ These values are model dependent.[iiaa℄ Here \anything" means at least one partile observed.[jjaa℄ This is a B(B0
→ D∗− ℓ+νℓ) value.[kkaa℄ D∗∗ stands for the sum of the D(1 1P1), D(1 3P0), D(1 3P1), D(1 3P2),D(2 1S0), and D(2 1S1) resonanes.[llaa℄ D(∗)D(∗) stands for the sum of D∗D∗, D∗D, DD∗, and DD.[nnaa℄ X (3915) denotes a near-threshold enhanement in the ωJ/ψ massspetrum.[ooaa℄ Inlusive branhing frations have a multipliity de�nition and an begreater than 100%.[ppaa℄ Dj represents an unresolved mixture of pseudosalar and tensor D∗∗(P-wave) states.[qqaa℄ Not a pure measurement. See note at head of B0s Deay Modes.[rraa℄ For Eγ > 100 MeV.[ssaa℄ Inludes ppπ+π− γ and exludes ppη, ppω, ppη′.[ttaa℄ For a narrow state A with mass less than 960 MeV.[uuaa℄ For a narrow salar or pseudosalar A0 with mass 0.21{3.0 GeV.[vvaa℄ For a narrow resonane in the range 2.2 < M(X ) < 2.8 GeV.[xxaa℄ JPC known by prodution in e+ e− via single photon annihilation.IG is not known; interpretation of this state as a single resonane isunlear beause of the expetation of substantial threshold e�ets inthis energy region.[yyaa℄ 2mτ < M(τ+ τ−) < 9.2 GeV[zzaa℄ 2 GeV < mK+K−

< 3 GeV[aabb℄ X = salar with m < 8.0 GeV[bbbb℄ X X = vetors with m < 3.1 GeV[bb℄ X and X = zero spin with m < 4.5 GeV[ddbb℄ 1.5 GeV < mX < 5.0 GeV[eebb℄ 201 MeV < M(µ+µ−) < 3565 MeV[�bb℄ 0.5 GeV < mX < 9.0 GeV, where mX is the invariant mass of thehadroni �nal state.[ggbb℄ Spetrosopi labeling for these states is theoretial, pending experi-mental information.[hhbb℄ 1.5 GeV < mX < 5.0 GeV[iibb℄ 1.5 GeV < mX < 5.0 GeV[jjbb℄ For m
τ+ τ−

in the ranges 4.03{9.52 and 9.61{10.10 GeV.
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Baryon Summary Table 155155155155N BARYONSN BARYONSN BARYONSN BARYONS(S = 0, I = 1/2)(S = 0, I = 1/2)(S = 0, I = 1/2)(S = 0, I = 1/2)p, N+ = uud; n, N0 = uddpppp I (JP ) = 12 (12+)Mass m = 1.00727646688 ± 0.00000000009 uMass m = 938.272081 ± 0.000006 MeV [a℄
∣

∣mp − mp∣∣/mp < 7× 10−10, CL = 90% [b℄
∣

∣

qpmp ∣

∣/( qpmp ) = 1.00000000000 ± 0.00000000007
∣

∣qp + qp∣∣/e < 7× 10−10, CL = 90% [b℄
∣

∣qp + qe ∣∣/e < 1× 10−21 [℄Magneti moment µ = 2.7928473446 ± 0.0000000008 µN(µp + µp) /

µp = (0.3 ± 0.8)× 10−6Eletri dipole moment d < 0.021× 10−23 e mEletri polarizability α = (11.2 ± 0.4)× 10−4 fm3Magneti polarizability β = (2.5 ± 0.4)× 10−4 fm3 (S = 1.2)Charge radius, µp Lamb shift = 0.84087 ± 0.00039 fm [d℄Charge radius, e p CODATA value = 0.8751 ± 0.0061 fm [d℄Magneti radius = 0.78 ± 0.04 fm [e℄Mean life τ > 2.1 × 1029 years, CL = 90% [f ℄ (p → invisiblemode)Mean life τ > 1031 to 1033 years [f ℄ (mode dependent)See the \Note on Nuleon Deay" in our 1994 edition (Phys. Rev. D50D50D50D50, 1173)for a short review.The \partial mean life" limits tabulated here are the limits on τ/Bi , where τ isthe total mean life and Bi is the branhing fration for the mode in question.For N deays, p and n indiate proton and neutron partial lifetimes.Partial mean life pp DECAY MODESp DECAY MODESp DECAY MODESp DECAY MODES (1030 years) Con�dene level (MeV/)Antilepton + mesonAntilepton + mesonAntilepton + mesonAntilepton + mesonN → e+π > 2000 (n), > 8200 (p) 90% 459N → µ+π > 1000 (n), > 6600 (p) 90% 453N → ν π > 1100 (n), > 390 (p) 90% 459p → e+η > 4200 90% 309p → µ+η > 1300 90% 297n → ν η > 158 90% 310N → e+ρ > 217 (n), > 710 (p) 90% 149N → µ+ρ > 228 (n), > 160 (p) 90% 113N → ν ρ > 19 (n), > 162 (p) 90% 149p → e+ω > 320 90% 143p → µ+ω > 780 90% 105n → ν ω > 108 90% 144N → e+K > 17 (n), > 1000 (p) 90% 339N → µ+K > 26 (n), > 1600 (p) 90% 329N → νK > 86 (n), > 5900 (p) 90% 339n → νK0S > 260 90% 338p → e+K∗(892)0 > 84 90% 45N → νK∗(892) > 78 (n), > 51 (p) 90% 45
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156156156156 Baryon Summary TableAntilepton + mesonsAntilepton + mesonsAntilepton + mesonsAntilepton + mesonsp → e+π+π−
> 82 90% 448p → e+π0π0 > 147 90% 449n → e+π−π0 > 52 90% 449p → µ+π+π−
> 133 90% 425p → µ+π0π0 > 101 90% 427n → µ+π−π0 > 74 90% 427n → e+K0π−
> 18 90% 319Lepton + mesonLepton + mesonLepton + mesonLepton + mesonn → e−π+ > 65 90% 459n → µ−π+ > 49 90% 453n → e− ρ+ > 62 90% 150n → µ− ρ+ > 7 90% 115n → e−K+
> 32 90% 340n → µ−K+
> 57 90% 330Lepton + mesonsLepton + mesonsLepton + mesonsLepton + mesonsp → e−π+π+ > 30 90% 448n → e−π+π0 > 29 90% 449p → µ−π+π+ > 17 90% 425n → µ−π+π0 > 34 90% 427p → e−π+K+
> 75 90% 320p → µ−π+K+
> 245 90% 279Antilepton + photon(s)Antilepton + photon(s)Antilepton + photon(s)Antilepton + photon(s)p → e+γ > 670 90% 469p → µ+γ > 478 90% 463n → ν γ > 550 90% 470p → e+γ γ > 100 90% 469n → ν γ γ > 219 90% 470Antilepton + single masslessAntilepton + single masslessAntilepton + single masslessAntilepton + single masslessp → e+X > 790 90% {p → µ+X > 410 90% {Three (or more) leptonsThree (or more) leptonsThree (or more) leptonsThree (or more) leptonsp → e+ e+ e− > 793 90% 469p → e+µ+µ−
> 359 90% 457p → e+ν ν > 170 90% 469n → e+ e−ν > 257 90% 470n → µ+ e−ν > 83 90% 464n → µ+µ−ν > 79 90% 458p → µ+ e+ e− > 529 90% 463p → µ+µ+µ−
> 675 90% 439p → µ+ν ν > 220 90% 463p → e−µ+µ+ > 6 90% 457n → 3ν > 5× 10−4 90% 470Inlusive modesInlusive modesInlusive modesInlusive modesN → e+anything > 0.6 (n, p) 90% {N → µ+anything > 12 (n, p) 90% {N → e+π0 anything > 0.6 (n, p) 90% {�B = 2 dinuleon modes�B = 2 dinuleon modes�B = 2 dinuleon modes�B = 2 dinuleon modesThe following are lifetime limits per iron nuleus.pp → π+π+ > 72.2 90% {pn → π+π0 > 170 90% {
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Baryon Summary Table 157157157157nn → π+π−
> 0.7 90% {nn → π0π0 > 404 90% {pp → K+K+
> 170 90% {pp → e+ e+ > 5.8 90% {pp → e+µ+ > 3.6 90% {pp → µ+µ+ > 1.7 90% {pn → e+ν > 260 90% {pn → µ+ν > 200 90% {pn → τ+ ντ > 29 90% {nn → νe νe > 1.4 90% {nn → νµ νµ > 1.4 90% {pn → invisible > 2.1× 10−5 90% {pp → invisible > 5× 10−5 90% {p DECAY MODESp DECAY MODESp DECAY MODESp DECAY MODESPartial mean life pMode (years) Con�dene level (MeV/)p → e−γ > 7× 105 90% 469p → µ−γ > 5× 104 90% 463p → e−π0 > 4× 105 90% 459p → µ−π0 > 5× 104 90% 453p → e−η > 2× 104 90% 309p → µ−η > 8× 103 90% 297p → e−K0S > 900 90% 337p → µ−K0S > 4× 103 90% 326p → e−K0L > 9× 103 90% 337p → µ−K0L > 7× 103 90% 326p → e−γ γ > 2× 104 90% 469p → µ−γ γ > 2× 104 90% 463p → e−ω > 200 90% 143nnnn I (JP ) = 12 (12+)Mass m = 1.0086649159 ± 0.0000000005 uMass m = 939.565413 ± 0.000006 MeV [a℄(mn − mn )/ mn = (9 ± 6)× 10−5mn − mp = 1.2933321 ± 0.0000005 MeV= 0.00138844919(45) uMean life τ = 880.2 ± 1.0 s (S = 1.9)τ = 2.6387× 108 kmMagneti moment µ = −1.9130427 ± 0.0000005 µNEletri dipole moment d < 0.30× 10−25 e m, CL = 90%Mean-square harge radius 〈r2n〉 = −0.1161 ± 0.0022fm2 (S = 1.3)Magneti radius √

〈r2
M

〉 = 0.864+0.009
−0.008 fmEletri polarizability α = (11.8 ± 1.1)× 10−4 fm3Magneti polarizability β = (3.7 ± 1.2)× 10−4 fm3Charge q = (−0.2 ± 0.8)× 10−21 eMean nn-osillation time > 8.6× 107 s, CL = 90% (free n)Mean nn-osillation time > 2.7× 108 s, CL = 90% [g ℄ (bound n)Mean nn′-osillation time > 414 s, CL = 90% [h℄
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158158158158 Baryon Summary Tablepe−νe deay parameterspe−νe deay parameterspe−νe deay parameterspe−νe deay parameters [i ℄
λ ≡ gA / gV = −1.2724 ± 0.0023 (S = 2.2)A = −0.1184 ± 0.0010 (S = 2.4)B = 0.9807 ± 0.0030C = −0.2377 ± 0.0026a = −0.1059 ± 0.0028
φAV = (180.017 ± 0.026)◦ [j℄D = (−1.2 ± 2.0)× 10−4 [k℄R = 0.004 ± 0.013 [k℄ pn DECAY MODESn DECAY MODESn DECAY MODESn DECAY MODES Fration (�i /�) Con�dene level (MeV/)pe−νe 100 % 1p e−νe γ [l℄ ( 9.2±0.7)× 10−3 1Charge onservation (Q) violating modeCharge onservation (Q) violating modeCharge onservation (Q) violating modeCharge onservation (Q) violating modepνe νe Q < 8 × 10−27 68% 1N(1440) 1/2+N(1440) 1/2+N(1440) 1/2+N(1440) 1/2+ I (JP ) = 12 (12+)Re(pole position) = 1360 to 1380 (≈ 1370) MeV
−2Im(pole position) = 160 to 190 (≈ 175) MeVBreit-Wigner mass = 1410 to 1470 (≈ 1440) MeVBreit-Wigner full width = 250 to 450 (≈ 350) MeVThe following branhing frations are our estimates, not �ts or averages.N(1440) DECAY MODESN(1440) DECAY MODESN(1440) DECAY MODESN(1440) DECAY MODES Fration (�i /�) p (MeV/)N π 55{75 % 398N η <1 % †N ππ 17{50 % 347�(1232)π , P-wave 6{27 % 147N σ 11{23 % {pγ , heliity=1/2 0.035{0.048 % 414nγ , heliity=1/2 0.02{0.04 % 413N(1520) 3/2−N(1520) 3/2−N(1520) 3/2−N(1520) 3/2− I (JP ) = 12 (32−)Re(pole position) = 1505 to 1515 (≈ 1510) MeV
−2Im(pole position) = 105 to 120 (≈ 110) MeVBreit-Wigner mass = 1510 to 1520 (≈ 1515) MeVBreit-Wigner full width = 100 to 120 (≈ 110) MeVThe following branhing frations are our estimates, not �ts or averages.N(1520) DECAY MODESN(1520) DECAY MODESN(1520) DECAY MODESN(1520) DECAY MODES Fration (�i /�) p (MeV/)N π 55{65 % 453N η 0.07{0.09 % 142N ππ 25{35 % 410�(1232)π 22{34 % 225�(1232)π , S-wave 15{23 % 225�(1232)π , D-wave 7{11 % 225
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Baryon Summary Table 159159159159N σ < 2 % {pγ 0.31{0.52 % 467pγ , heliity=1/2 0.01{0.02 % 467pγ , heliity=3/2 0.30{0.50 % 467nγ 0.30{0.53 % 466nγ , heliity=1/2 0.04{0.10 % 466nγ , heliity=3/2 0.25{0.45 % 466N(1535) 1/2−N(1535) 1/2−N(1535) 1/2−N(1535) 1/2− I (JP ) = 12 (12−)Re(pole position) = 1500 to 1520 (≈ 1510) MeV
−2Im(pole position) = 110 to 150 (≈ 130) MeVBreit-Wigner mass = 1515 to 1545 (≈ 1530) MeVBreit-Wigner full width = 125 to 175 (≈ 150) MeVThe following branhing frations are our estimates, not �ts or averages.N(1535) DECAY MODESN(1535) DECAY MODESN(1535) DECAY MODESN(1535) DECAY MODES Fration (�i /�) p (MeV/)N π 32{52 % 464N η 30{55 % 176N ππ 3{14 % 422�(1232)π , D-wave 1{4 % 240N σ 2{10 % {N(1440)π 5{12 % †pγ , heliity=1/2 0.15{0.30 % 477nγ , heliity=1/2 0.01{0.25 % 477N(1650) 1/2−, N(1675) 5/2−, N(1680) 5/2+, N(1700) 3/2−, N(1710) 1/2+,N(1650) 1/2−, N(1675) 5/2−, N(1680) 5/2+, N(1700) 3/2−, N(1710) 1/2+,N(1650) 1/2−, N(1675) 5/2−, N(1680) 5/2+, N(1700) 3/2−, N(1710) 1/2+,N(1650) 1/2−, N(1675) 5/2−, N(1680) 5/2+, N(1700) 3/2−, N(1710) 1/2+,N(1720) 3/2+, N(1875) 3/2−, N(1880) 1/2+, N(1895) 1/2−, N(1900) 3/2+N(1720) 3/2+, N(1875) 3/2−, N(1880) 1/2+, N(1895) 1/2−, N(1900) 3/2+N(1720) 3/2+, N(1875) 3/2−, N(1880) 1/2+, N(1895) 1/2−, N(1900) 3/2+N(1720) 3/2+, N(1875) 3/2−, N(1880) 1/2+, N(1895) 1/2−, N(1900) 3/2+N(2060) 5/2−, N(2100) 1/2+, N(2120) 3/2−, N(2190) 7/2−, N(2220) 9/2+N(2060) 5/2−, N(2100) 1/2+, N(2120) 3/2−, N(2190) 7/2−, N(2220) 9/2+N(2060) 5/2−, N(2100) 1/2+, N(2120) 3/2−, N(2190) 7/2−, N(2220) 9/2+N(2060) 5/2−, N(2100) 1/2+, N(2120) 3/2−, N(2190) 7/2−, N(2220) 9/2+N(2250) 9/2−, N(2600) 11/2−N(2250) 9/2−, N(2600) 11/2−N(2250) 9/2−, N(2600) 11/2−N(2250) 9/2−, N(2600) 11/2−The N resonanes listed above are omitted from this Booklet but notfrom the Summary Table in the full Review.� BARYONS� BARYONS� BARYONS� BARYONS(S = 0, I = 3/2)(S = 0, I = 3/2)(S = 0, I = 3/2)(S = 0, I = 3/2)�++ = uuu, �+ = uud, �0 = udd, �− = ddd�(1232) 3/2+�(1232) 3/2+�(1232) 3/2+�(1232) 3/2+ I (JP ) = 32 (32+)Re(pole position) = 1209 to 1211 (≈ 1210) MeV
−2Im(pole position) = 98 to 102 (≈ 100) MeVBreit-Wigner mass (mixed harges) = 1230 to 1234 (≈ 1232) MeVBreit-Wigner full width (mixed harges) = 114 to 120 (≈ 117) MeV
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160160160160 Baryon Summary TableThe following branhing frations are our estimates, not �ts or averages.�(1232) DECAY MODES�(1232) DECAY MODES�(1232) DECAY MODES�(1232) DECAY MODES Fration (�i /�) p (MeV/)N π 99.4 % 229N γ 0.55{0.65 % 259N γ , heliity=1/2 0.11{0.13 % 259N γ , heliity=3/2 0.44{0.52 % 259p e+ e− ( 4.2±0.7) × 10−5 259�(1600) 3/2+�(1600) 3/2+�(1600) 3/2+�(1600) 3/2+ I (JP ) = 32 (32+)Re(pole position) = 1460 to 1560 (≈ 1510) MeV
−2Im(pole position) = 200 to 340 (≈ 270) MeVBreit-Wigner mass = 1500 to 1640 (≈ 1570) MeVBreit-Wigner full width = 200 to 300 (≈ 250) MeVThe following branhing frations are our estimates, not �ts or averages.�(1600) DECAY MODES�(1600) DECAY MODES�(1600) DECAY MODES�(1600) DECAY MODES Fration (�i /�) p (MeV/)N π 8{24 % 492N ππ 75{90 % 454�(1232)π 73{83 % 276�(1232)π , P-wave 72{82 % 276�(1232)π , F-wave <2 % 276N(1440)π , P-wave 15{25 % †N γ 0.001{0.035 % 505N γ , heliity=1/2 0.0{0.02 % 505N γ , heliity=3/2 0.001{0.015 % 505�(1620) 1/2−�(1620) 1/2−�(1620) 1/2−�(1620) 1/2− I (JP ) = 32 (12−)Re(pole position) = 1590 to 1610 (≈ 1600) MeV
−2Im(pole position) = 100 to 140 (≈ 120) MeVBreit-Wigner mass = 1590 to 1630 (≈ 1610) MeVBreit-Wigner full width = 110 to 150 (≈ 130) MeVThe following branhing frations are our estimates, not �ts or averages.�(1620) DECAY MODES�(1620) DECAY MODES�(1620) DECAY MODES�(1620) DECAY MODES Fration (�i /�) p (MeV/)N π 25{35 % 520N ππ 55{80 % 484�(1232)π , D-wave 52{72 % 311N(1440)π 3{9 % 98N γ , heliity=1/2 0.03{0.10 % 532See Partile Listings for 2 deay modes that have been seen / not seen.�(1700) 3/2−, �(1900) 1/2−, �(1905) 5/2+, �(1910) 1/2+, �(1920) 3/2+,�(1700) 3/2−, �(1900) 1/2−, �(1905) 5/2+, �(1910) 1/2+, �(1920) 3/2+,�(1700) 3/2−, �(1900) 1/2−, �(1905) 5/2+, �(1910) 1/2+, �(1920) 3/2+,�(1700) 3/2−, �(1900) 1/2−, �(1905) 5/2+, �(1910) 1/2+, �(1920) 3/2+,�(1930) 5/2−, �(1950) 7/2+, �(2200) 7/2−, �(2420) 11/2+�(1930) 5/2−, �(1950) 7/2+, �(2200) 7/2−, �(2420) 11/2+�(1930) 5/2−, �(1950) 7/2+, �(2200) 7/2−, �(2420) 11/2+�(1930) 5/2−, �(1950) 7/2+, �(2200) 7/2−, �(2420) 11/2+The � resonanes listed above are omitted from this Booklet but notfrom the Summary Table in the full Review.
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Baryon Summary Table 161161161161� BARYONS� BARYONS� BARYONS� BARYONS(S = −1, I = 0)(S = −1, I = 0)(S = −1, I = 0)(S = −1, I = 0)�0 = uds���� I (JP ) = 0(12+)Mass m = 1115.683 ± 0.006 MeV(m� − m�) / m� = (−0.1 ± 1.1)× 10−5 (S = 1.6)Mean life τ = (2.632 ± 0.020)× 10−10 s (S = 1.6)(τ � − τ �) / τ � = −0.001 ± 0.009τ = 7.89 mMagneti moment µ = −0.613 ± 0.004 µNEletri dipole moment d < 1.5× 10−16 e m, CL = 95%Deay parametersDeay parametersDeay parametersDeay parameterspπ− α− = 0.642 ± 0.013pπ+ α+ = −0.71 ± 0.08pπ− φ− = (−6.5 ± 3.5)◦
" γ− = 0.76 [n℄
" �− = (8 ± 4)◦ [n℄nπ0 α0 = 0.65 ± 0.04p e−νe gA/gV = −0.718 ± 0.015 [i ℄ p� DECAY MODES� DECAY MODES� DECAY MODES� DECAY MODES Fration (�i /�) Con�dene level (MeV/)pπ− (63.9 ±0.5 ) % 101nπ0 (35.8 ±0.5 ) % 104nγ ( 1.75±0.15)× 10−3 162pπ− γ [o℄ ( 8.4 ±1.4 )× 10−4 101p e−νe ( 8.32±0.14)× 10−4 163pµ−νµ ( 1.57±0.35)× 10−4 131Lepton (L) and/or Baryon (B) number violating deay modesLepton (L) and/or Baryon (B) number violating deay modesLepton (L) and/or Baryon (B) number violating deay modesLepton (L) and/or Baryon (B) number violating deay modes

π+ e− L,B < 6 × 10−7 90% 549
π+µ− L,B < 6 × 10−7 90% 544
π− e+ L,B < 4 × 10−7 90% 549
π−µ+ L,B < 6 × 10−7 90% 544K+ e− L,B < 2 × 10−6 90% 449K+µ− L,B < 3 × 10−6 90% 441K− e+ L,B < 2 × 10−6 90% 449K−µ+ L,B < 3 × 10−6 90% 441K0S ν L,B < 2 × 10−5 90% 447pπ+ B < 9 × 10−7 90% 101�(1405) 1/2−�(1405) 1/2−�(1405) 1/2−�(1405) 1/2− I (JP ) = 0(12−)Mass m = 1405.1+1.3

−1.0 MeVFull width � = 50.5 ± 2.0 MeVBelow K N threshold
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162162162162 Baryon Summary Table�(1405) DECAY MODES�(1405) DECAY MODES�(1405) DECAY MODES�(1405) DECAY MODES Fration (�i /�) p (MeV/)� π 100 % 155�(1520) 3/2−�(1520) 3/2−�(1520) 3/2−�(1520) 3/2− I (JP ) = 0(32−)Mass m = 1519.5 ± 1.0 MeV [p℄Full width � = 15.6 ± 1.0 MeV [p℄�(1520) DECAY MODES�(1520) DECAY MODES�(1520) DECAY MODES�(1520) DECAY MODES Fration (�i /�) p (MeV/)NK (45 ±1 ) % 243� π (42 ±1 ) % 268�ππ (10 ±1 ) % 259� ππ ( 0.9 ±0.1 ) % 169�γ ( 0.85±0.15) % 350�(1600) 1/2+, �(1670) 1/2−, �(1690) 3/2−, �(1800) 1/2−, �(1810) 1/2+,�(1600) 1/2+, �(1670) 1/2−, �(1690) 3/2−, �(1800) 1/2−, �(1810) 1/2+,�(1600) 1/2+, �(1670) 1/2−, �(1690) 3/2−, �(1800) 1/2−, �(1810) 1/2+,�(1600) 1/2+, �(1670) 1/2−, �(1690) 3/2−, �(1800) 1/2−, �(1810) 1/2+,�(1820) 5/2+, �(1830) 5/2−, �(1890) 3/2+, �(2100) 7/2−, �(2110) 5/2+,�(1820) 5/2+, �(1830) 5/2−, �(1890) 3/2+, �(2100) 7/2−, �(2110) 5/2+,�(1820) 5/2+, �(1830) 5/2−, �(1890) 3/2+, �(2100) 7/2−, �(2110) 5/2+,�(1820) 5/2+, �(1830) 5/2−, �(1890) 3/2+, �(2100) 7/2−, �(2110) 5/2+,�(2350) 9/2+�(2350) 9/2+�(2350) 9/2+�(2350) 9/2+The � resonanes listed above are omitted from this Booklet but notfrom the Summary Table in the full Review.� BARYONS� BARYONS� BARYONS� BARYONS(S=−1, I=1)(S=−1, I=1)(S=−1, I=1)(S=−1, I=1)�+ = uus, �0 = uds, �− = dds�+�+�+�+ I (JP ) = 1(12+)Mass m = 1189.37 ± 0.07 MeV (S = 2.2)Mean life τ = (0.8018 ± 0.0026)× 10−10 sτ = 2.404 m(τ�+ − τ�−
) / τ�+ = −0.0006 ± 0.0012Magneti moment µ = 2.458 ± 0.010 µN (S = 2.1)(µ�+ + µ�−
) /

µ�+ = 0.014 ± 0.015�(�+
→ nℓ+ν

)/�(�−
→ nℓ−ν

)

< 0.043Deay parametersDeay parametersDeay parametersDeay parameterspπ0 α0 = −0.980+0.017
−0.015

" φ0 = (36 ± 34)◦
" γ0 = 0.16 [n℄
" �0 = (187 ± 6)◦ [n℄nπ+ α+ = 0.068 ± 0.013
" φ+ = (167 ± 20)◦ (S = 1.1)
" γ+ = −0.97 [n℄
" �+ = (−73+133

− 10)◦ [n℄pγ αγ = −0.76 ± 0.08
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Baryon Summary Table 163163163163p�+ DECAY MODES�+ DECAY MODES�+ DECAY MODES�+ DECAY MODES Fration (�i /�) Con�dene level (MeV/)pπ0 (51.57±0.30) % 189nπ+ (48.31±0.30) % 185pγ ( 1.23±0.05)× 10−3 225nπ+γ [o℄ ( 4.5 ±0.5 )× 10−4 185�e+ νe ( 2.0 ±0.5 )× 10−5 71�S = �Q (SQ) violating modes or�S = �Q (SQ) violating modes or�S = �Q (SQ) violating modes or�S = �Q (SQ) violating modes or�S = 1 weak neutral urrent (S1) modes�S = 1 weak neutral urrent (S1) modes�S = 1 weak neutral urrent (S1) modes�S = 1 weak neutral urrent (S1) modesne+ νe SQ < 5 × 10−6 90% 224nµ+ νµ SQ < 3.0 × 10−5 90% 202p e+ e− S1 < 7 × 10−6 225pµ+µ− S1 ( 9 +9
−8 )× 10−8 121� 0� 0� 0� 0 I (JP ) = 1(12+)Mass m = 1192.642 ± 0.024 MeVm�−

− m�0 = 4.807 ± 0.035 MeV (S = 1.1)m�0 − m� = 76.959 ± 0.023 MeVMean life τ = (7.4 ± 0.7)× 10−20 sτ = 2.22× 10−11 mTransition magneti moment ∣

∣µ� �∣

∣ = 1.61 ± 0.08 µN p�0 DECAY MODES�0 DECAY MODES�0 DECAY MODES�0 DECAY MODES Fration (�i /�) Con�dene level (MeV/)�γ 100 % 74�γ γ < 3 % 90% 74�e+ e− [q℄ 5× 10−3 74�−�−�−�− I (JP ) = 1(12+)Mass m = 1197.449 ± 0.030 MeV (S = 1.2)m�−
− m�+ = 8.08 ± 0.08 MeV (S = 1.9)m�−
− m� = 81.766 ± 0.030 MeV (S = 1.2)Mean life τ = (1.479 ± 0.011)× 10−10 s (S = 1.3)τ = 4.434 mMagneti moment µ = −1.160 ± 0.025 µN (S = 1.7)�− harge radius = 0.78 ± 0.10 fmDeay parametersDeay parametersDeay parametersDeay parametersnπ− α− = −0.068 ± 0.008

" φ− = (10 ± 15)◦
" γ− = 0.98 [n℄
" �− = (249+ 12

−120)◦ [n℄ne−νe gA/gV = 0.340 ± 0.017 [i ℄
" f2(0)/f1(0) = 0.97 ± 0.14
" D = 0.11 ± 0.10�e−νe gV /gA = 0.01 ± 0.10 [i ℄ (S = 1.5)
" gWM/gA = 2.4 ± 1.7 [i ℄
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164164164164 Baryon Summary Table�− DECAY MODES�− DECAY MODES�− DECAY MODES�− DECAY MODES Fration (�i /�) p (MeV/)nπ− (99.848±0.005) % 193nπ− γ [o℄ ( 4.6 ±0.6 )× 10−4 193ne− νe ( 1.017±0.034)× 10−3 230nµ− νµ ( 4.5 ±0.4 )× 10−4 210�e− νe ( 5.73 ±0.27 )× 10−5 79� (1385) 3/2+� (1385) 3/2+� (1385) 3/2+� (1385) 3/2+ I (JP ) = 1(32+)� (1385)+mass m = 1382.80 ± 0.35 MeV (S = 1.9)� (1385)0 mass m = 1383.7 ± 1.0 MeV (S = 1.4)� (1385)−mass m = 1387.2 ± 0.5 MeV (S = 2.2)� (1385)+full width � = 36.0 ± 0.7 MeV� (1385)0 full width � = 36 ± 5 MeV� (1385)−full width � = 39.4 ± 2.1 MeV (S = 1.7)Below K N threshold p�(1385) DECAY MODES�(1385) DECAY MODES�(1385) DECAY MODES�(1385) DECAY MODES Fration (�i /�) Con�dene level (MeV/)�π (87.0 ±1.5 ) % 208� π (11.7 ±1.5 ) % 129�γ ( 1.25+0.13
−0.12) % 241�+γ ( 7.0 ±1.7 )× 10−3 180�−γ < 2.4 × 10−4 90% 173� (1660) 1/2+� (1660) 1/2+� (1660) 1/2+� (1660) 1/2+ I (JP ) = 1(12+)Mass m = 1630 to 1690 (≈ 1660) MeVFull width � = 40 to 200 (≈ 100) MeV�(1660) DECAY MODES�(1660) DECAY MODES�(1660) DECAY MODES�(1660) DECAY MODES Fration (�i /�) p (MeV/)NK 10{30 % 405See Partile Listings for 2 deay modes that have been seen / not seen.�(1670) 3/2−, �(1750) 1/2−, �(1775) 5/2−, �(1915) 5/2+,�(1670) 3/2−, �(1750) 1/2−, �(1775) 5/2−, �(1915) 5/2+,�(1670) 3/2−, �(1750) 1/2−, �(1775) 5/2−, �(1915) 5/2+,�(1670) 3/2−, �(1750) 1/2−, �(1775) 5/2−, �(1915) 5/2+,�(1940) 3/2−, �(2030) 7/2+, �(2250)�(1940) 3/2−, �(2030) 7/2+, �(2250)�(1940) 3/2−, �(2030) 7/2+, �(2250)�(1940) 3/2−, �(2030) 7/2+, �(2250)The � resonanes listed above are omitted from this Booklet but notfrom the Summary Table in the full Review.
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Baryon Summary Table 165165165165� BARYONS� BARYONS� BARYONS� BARYONS(S=−2, I=1/2)(S=−2, I=1/2)(S=−2, I=1/2)(S=−2, I=1/2)� 0 = uss, �− = dss� 0� 0� 0� 0 I (JP ) = 12 (12+)P is not yet measured; + is the quark model predition.Mass m = 1314.86 ± 0.20 MeVm�−
− m�0 = 6.85 ± 0.21 MeVMean life τ = (2.90 ± 0.09)× 10−10 sτ = 8.71 mMagneti moment µ = −1.250 ± 0.014 µNDeay parametersDeay parametersDeay parametersDeay parameters�π0 α = −0.406 ± 0.013

" φ = (21 ± 12)◦
" γ = 0.85 [n℄
" � = (218+12

−19)◦ [n℄�γ α = −0.70 ± 0.07�e+ e− α = −0.8 ± 0.2�0γ α = −0.69 ± 0.06�+ e−νe g1(0)/f1(0) = 1.22 ± 0.05�+ e−νe f2(0)/f1(0) = 2.0 ± 0.9 p�0 DECAY MODES�0 DECAY MODES�0 DECAY MODES�0 DECAY MODES Fration (�i /�) Con�dene level (MeV/)�π0 (99.524±0.012) % 135�γ ( 1.17 ±0.07 )× 10−3 184�e+ e− ( 7.6 ±0.6 )× 10−6 184�0 γ ( 3.33 ±0.10 )× 10−3 117�+ e− νe ( 2.52 ±0.08 )× 10−4 120�+µ− νµ ( 2.33 ±0.35 )× 10−6 64�S = �Q (SQ) violating modes or�S = �Q (SQ) violating modes or�S = �Q (SQ) violating modes or�S = �Q (SQ) violating modes or�S = 2 forbidden (S2) modes�S = 2 forbidden (S2) modes�S = 2 forbidden (S2) modes�S = 2 forbidden (S2) modes�− e+ νe SQ < 9 × 10−4 90% 112�−µ+ νµ SQ < 9 × 10−4 90% 49pπ− S2 < 8 × 10−6 90% 299p e−νe S2 < 1.3 × 10−3 323pµ−νµ S2 < 1.3 × 10−3 309�−�−�−�− I (JP ) = 12 (12+)P is not yet measured; + is the quark model predition.Mass m = 1321.71 ± 0.07 MeV(m�− − m�+) / m�− = (−3 ± 9)× 10−5Mean life τ = (1.639 ± 0.015)× 10−10 sτ = 4.91 m(τ�−
− τ �+) / τ�−

= −0.01 ± 0.07Magneti moment µ = −0.6507 ± 0.0025 µN(µ�−
+ µ�+) / ∣

∣µ�−

∣

∣ = +0.01 ± 0.05
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166166166166 Baryon Summary TableDeay parametersDeay parametersDeay parametersDeay parameters�π− α = −0.458 ± 0.012 (S = 1.8)[α(�−)α−(�) − α(�+)α+(�)℄ / [ sum ℄ = (0 ± 7)× 10−4
" φ = (−2.1 ± 0.8)◦
" γ = 0.89 [n℄
" � = (175.9 ± 1.5)◦ [n℄�e−νe gA/gV = −0.25 ± 0.05 [i ℄ p�− DECAY MODES�− DECAY MODES�− DECAY MODES�− DECAY MODES Fration (�i /�) Con�dene level (MeV/)�π− (99.887±0.035) % 140�−γ ( 1.27 ±0.23 )× 10−4 118�e− νe ( 5.63 ±0.31 )× 10−4 190�µ− νµ ( 3.5 +3.5

−2.2 )× 10−4 163�0 e−νe ( 8.7 ±1.7 )× 10−5 123�0µ−νµ < 8 × 10−4 90% 70� 0 e−νe < 2.3 × 10−3 90% 7�S = 2 forbidden (S2) modes�S = 2 forbidden (S2) modes�S = 2 forbidden (S2) modes�S = 2 forbidden (S2) modesnπ− S2 < 1.9 × 10−5 90% 304ne− νe S2 < 3.2 × 10−3 90% 327nµ− νµ S2 < 1.5 % 90% 314pπ−π− S2 < 4 × 10−4 90% 223pπ− e−νe S2 < 4 × 10−4 90% 305pπ−µ−νµ S2 < 4 × 10−4 90% 251pµ−µ− L < 4 × 10−8 90% 272� (1530) 3/2+� (1530) 3/2+� (1530) 3/2+� (1530) 3/2+ I (JP ) = 12 (32+)� (1530)0 mass m = 1531.80 ± 0.32 MeV (S = 1.3)� (1530)−mass m = 1535.0 ± 0.6 MeV� (1530)0 full width � = 9.1 ± 0.5 MeV� (1530)− full width � = 9.9+1.7
−1.9 MeV p�(1530) DECAY MODES�(1530) DECAY MODES�(1530) DECAY MODES�(1530) DECAY MODES Fration (�i /�) Con�dene level (MeV/)� π 100 % 158� γ <4 % 90% 202�(1690), �(1820) 3/2−, �(1950), �(2030)�(1690), �(1820) 3/2−, �(1950), �(2030)�(1690), �(1820) 3/2−, �(1950), �(2030)�(1690), �(1820) 3/2−, �(1950), �(2030)The � resonanes listed above are omitted from this Booklet but notfrom the Summary Table in the full Review.
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Baryon Summary Table 167167167167
 BARYONS
 BARYONS
 BARYONS
 BARYONS(S=−3, I=0)(S=−3, I=0)(S=−3, I=0)(S=−3, I=0)
− = sss
−
−
−
− I (JP ) = 0(32+)JP = 32+ is the quark-model predition; and J = 3/2 is fairly wellestablished.Mass m = 1672.45 ± 0.29 MeV(m
−
− m
+) / m
−

= (−1 ± 8)× 10−5Mean life τ = (0.821 ± 0.011)× 10−10 sτ = 2.461 m(τ
−
− τ
+) / τ
−

= 0.00 ± 0.05Magneti moment µ = −2.02 ± 0.05 µNDeay parametersDeay parametersDeay parametersDeay parameters�K− α = 0.0180 ± 0.0024�K−, �K+ (α + α)/(α − α) = −0.02 ± 0.13� 0π− α = 0.09 ± 0.14�−π0 α = 0.05 ± 0.21 p
− DECAY MODES
− DECAY MODES
− DECAY MODES
− DECAY MODES Fration (�i /�) Con�dene level (MeV/)�K− (67.8±0.7) % 211� 0π− (23.6±0.7) % 294�−π0 ( 8.6±0.4) % 289�−π+π− ( 3.7+0.7
−0.6)× 10−4 189� (1530)0π−

< 7 × 10−5 90% 17� 0 e−νe ( 5.6±2.8)× 10−3 319�−γ < 4.6 × 10−4 90% 314�S = 2 forbidden (S2) modes�S = 2 forbidden (S2) modes�S = 2 forbidden (S2) modes�S = 2 forbidden (S2) modes�π− S2 < 2.9 × 10−6 90% 449
(2250)−
(2250)−
(2250)−
(2250)− I (JP ) = 0(??)Mass m = 2252 ± 9 MeVFull width � = 55 ± 18 MeV
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168168168168 Baryon Summary TableCHARMEDBARYONSCHARMEDBARYONSCHARMEDBARYONSCHARMEDBARYONS(C=+1)(C=+1)(C=+1)(C=+1)�+ = ud  , �++ = uu , �+ = ud  , �0 = d d  ,�+ = u s  , � 0 = d s  , 
0 = s s �+�+�+�+ I (JP ) = 0(12+)Mass m = 2286.46 ± 0.14 MeVMean life τ = (200 ± 6)× 10−15 s (S = 1.6)τ = 59.9 µmDeay asymmetry parametersDeay asymmetry parametersDeay asymmetry parametersDeay asymmetry parameters�π+ α = −0.91 ± 0.15�+π0 α = −0.45 ± 0.32�ℓ+νℓ α = −0.86 ± 0.04(α + α)/(α − α) in �+ → �π+, �− → �π− = −0.07 ± 0.31(α + α)/(α − α) in �+ → �e+ νe , �− → �e− νe = 0.00 ± 0.04Branhing frations marked with a footnote, e.g. [a℄, have been orretedfor deay modes not observed in the experiments. For example, the submodefration �+ → pK∗(892)0 seen in �+ → pK−π+ has been multiplied upto inlude K∗(892)0 → K0π0 deays. Sale fator/ p�+ DECAY MODES�+ DECAY MODES�+ DECAY MODES�+ DECAY MODES Fration (�i /�) Con�dene level (MeV/)Hadroni modes with a p or n: S = −1 �nal statesHadroni modes with a p or n: S = −1 �nal statesHadroni modes with a p or n: S = −1 �nal statesHadroni modes with a p or n: S = −1 �nal statespK0S ( 1.58± 0.08) % S=1.1 873pK−π+ ( 6.23± 0.33) % S=1.4 823pK∗(892)0 [r ℄ ( 1.94± 0.27) % 685�(1232)++K− ( 1.07± 0.25) % 710�(1520)π+ [r ℄ ( 2.2 ± 0.5 ) % 627pK−π+nonresonant ( 3.4 ± 0.4 ) % 823pK0S π0 ( 1.96± 0.13) % S=1.1 823nK0S π+ ( 1.82± 0.25) % 821pK0η ( 1.6 ± 0.4 ) % 568pK0S π+π− ( 1.59± 0.12) % S=1.2 754pK−π+π0 ( 4.42± 0.31) % S=1.5 759pK∗(892)−π+ [r ℄ ( 1.4 ± 0.5 ) % 580p (K−π+)nonresonant π0 ( 4.5 ± 0.8 ) % 759pK−2π+π− ( 1.4 ± 0.9 )× 10−3 671pK−π+2π0 (10 ± 5 )× 10−3 678Hadroni modes with a p: S = 0 �nal statesHadroni modes with a p: S = 0 �nal statesHadroni modes with a p: S = 0 �nal statesHadroni modes with a p: S = 0 �nal statespπ0 < 2.7 × 10−4 CL=90% 945pη ( 1.24± 0.30)× 10−3 856pπ+π− ( 4.2 ± 0.4 )× 10−3 927p f0(980) [r ℄ ( 3.4 ± 2.3 )× 10−3 614p2π+2π− ( 2.2 ± 1.4 )× 10−3 852pK+K− (10 ± 4 )× 10−4 616
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Baryon Summary Table 169169169169pφ [r ℄ ( 1.06± 0.14)× 10−3 590pK+K−non-φ ( 5.2 ± 1.2 )× 10−4 616pφπ0 (10 ± 4 )× 10−5 460pK+K−π0 nonresonant < 6.3 × 10−5 CL=90% 494Hadroni modes with a hyperon: S = −1 �nal statesHadroni modes with a hyperon: S = −1 �nal statesHadroni modes with a hyperon: S = −1 �nal statesHadroni modes with a hyperon: S = −1 �nal states�π+ ( 1.29± 0.07) % S=1.2 864�π+π0 ( 7.0 ± 0.4 ) % S=1.1 844�ρ+ < 6 % CL=95% 636�π− 2π+ ( 3.61± 0.29) % S=1.5 807� (1385)+π+π− , �∗+
→�π+ ( 1.0 ± 0.5 ) % 688� (1385)−2π+ , �∗−

→ �π− ( 7.6 ± 1.4 )× 10−3 688�π+ ρ0 ( 1.4 ± 0.6 ) % 524� (1385)+ρ0 , �∗+
→ �π+ ( 5 ± 4 )× 10−3 363�π− 2π+nonresonant < 1.1 % CL=90% 807�π−π0 2π+ total ( 2.2 ± 0.8 ) % 757�π+ η [r ℄ ( 2.2 ± 0.5 ) % 691� (1385)+η [r ℄ ( 1.06± 0.32) % 570�π+ω [r ℄ ( 1.5 ± 0.5 ) % 517�π−π0 2π+ , no η or ω < 8 × 10−3 CL=90% 757�K+K0 ( 5.6 ± 1.1 )× 10−3 S=1.9 443� (1690)0K+ , � ∗0
→ �K0 ( 1.6 ± 0.5 )× 10−3 286�0π+ ( 1.28± 0.07) % S=1.1 825�+π0 ( 1.24± 0.10) % 827�+η ( 6.9 ± 2.3 )× 10−3 713�+π+π− ( 4.42± 0.28) % S=1.2 804�+ρ0 < 1.7 % CL=95% 575�−2π+ ( 1.86± 0.18) % 799�0π+π0 ( 2.2 ± 0.8 ) % 803�0π−2π+ ( 1.10± 0.30) % 763�+π+π−π0 | 767�+ω [r ℄ ( 1.69± 0.21) % 569�−π0 2π+ ( 2.1 ± 0.4 ) % 762�+K+K− ( 3.4 ± 0.4 )× 10−3 S=1.1 349�+φ [r ℄ ( 3.8 ± 0.6 )× 10−3 S=1.1 295� (1690)0K+ , � ∗0
→ �+K− (10.0 ± 2.5 )× 10−4 286�+K+K−nonresonant < 8 × 10−4 CL=90% 349� 0K+ ( 4.9 ± 1.2 )× 10−3 653�−K+π+ ( 6.2 ± 0.6 )× 10−3 S=1.1 565� (1530)0K+, � 0
→ �−π+ ( 3.3 ± 1.2 )× 10−3 473Hadroni modes with a hyperon: S = 0 �nal statesHadroni modes with a hyperon: S = 0 �nal statesHadroni modes with a hyperon: S = 0 �nal statesHadroni modes with a hyperon: S = 0 �nal states�K+ ( 6.0 ± 1.2 )× 10−4 781�K+π+π−

< 5 × 10−4 CL=90% 637�0K+ ( 5.1 ± 0.8 )× 10−4 735�0K+π+π−
< 2.6 × 10−4 CL=90% 574�+K+π− ( 2.1 ± 0.6 )× 10−3 670�+K∗(892)0 [r ℄ ( 3.4 ± 1.0 )× 10−3 469�−K+π+ < 1.2 × 10−3 CL=90% 664Doubly Cabibbo-suppressed modesDoubly Cabibbo-suppressed modesDoubly Cabibbo-suppressed modesDoubly Cabibbo-suppressed modespK+π− ( 1.46± 0.23)× 10−4 823Semileptoni modesSemileptoni modesSemileptoni modesSemileptoni modes�e+ νe ( 3.6 ± 0.4 ) % 871�µ+ νµ ( 3.5 ± 0.5 ) % 867
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170170170170 Baryon Summary TableInlusive modesInlusive modesInlusive modesInlusive modese+ anything ( 4.5 ± 1.7 ) % {p e+anything ( 1.8 ± 0.9 ) % {p anything (50 ±16 ) % {p anything (no �) (12 ±19 ) % {n anything (50 ±16 ) % {n anything (no �) (29 ±17 ) % {� anything (35 ±11 ) % S=1.4 {�± anything [s℄ (10 ± 5 ) % {3prongs (24 ± 8 ) % {�C = 1 weak neutral urrent (C1) modes, or�C = 1 weak neutral urrent (C1) modes, or�C = 1 weak neutral urrent (C1) modes, or�C = 1 weak neutral urrent (C1) modes, orLepton Family number (LF ), or Lepton number (L), orLepton Family number (LF ), or Lepton number (L), orLepton Family number (LF ), or Lepton number (L), orLepton Family number (LF ), or Lepton number (L), orBaryon number (B) violating modesBaryon number (B) violating modesBaryon number (B) violating modesBaryon number (B) violating modespe+ e− C1 < 5.5 × 10−6 CL=90% 951pµ+µ− C1 < 4.4 × 10−5 CL=90% 937p e+µ− LF < 9.9 × 10−6 CL=90% 947p e−µ+ LF < 1.9 × 10−5 CL=90% 947p2e+ L,B < 2.7 × 10−6 CL=90% 951p2µ+ L,B < 9.4 × 10−6 CL=90% 937pe+µ+ L,B < 1.6 × 10−5 CL=90% 947�−µ+µ+ L < 7.0 × 10−4 CL=90% 812See Partile Listings for 1 deay modes that have been seen / not seen.�(2595)+�(2595)+�(2595)+�(2595)+ I (JP ) = 0(12−)The spin-parity follows from the fat that � (2455)π deays, withlittle available phase spae, are dominant. This assumes that JP =1/2+ for the � (2455).Mass m = 2592.25 ± 0.28 MeVm − m�+ = 305.79 ± 0.24 MeVFull width � = 2.6 ± 0.6 MeV�+ ππ and its submode � (2455)π | the latter just barely | are the onlystrong deays allowed to an exited �+ having this mass; and the submodeseems to dominate.� (2595)+ DECAY MODES� (2595)+ DECAY MODES� (2595)+ DECAY MODES� (2595)+ DECAY MODES Fration (�i /�) p (MeV/)�+ π+π− [t℄ | 117� (2455)++π− 24 ± 7 % †� (2455)0π+ 24 ± 7 % †�+ π+π−3-body 18 ± 10 % 117See Partile Listings for 2 deay modes that have been seen / not seen.�(2625)+�(2625)+�(2625)+�(2625)+ I (JP ) = 0(32−)JP has not been measured; 32− is the quark-model predition.Mass m = 2628.11 ± 0.19 MeV (S = 1.1)m − m�+ = 341.65 ± 0.13 MeV (S = 1.1)Full width � < 0.97 MeV, CL = 90%
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Baryon Summary Table 171171171171�+ ππ and its submode �(2455)π are the only strong deays allowed to anexited �+ having this mass. p� (2625)+ DECAY MODES� (2625)+ DECAY MODES� (2625)+ DECAY MODES� (2625)+ DECAY MODES Fration (�i /�) Con�dene level (MeV/)�+ π+π−
≈ 67% 184� (2455)++π−

<5 90% 102� (2455)0π+ <5 90% 102�+ π+π−3-body large 184See Partile Listings for 2 deay modes that have been seen / not seen.�(2860)+�(2860)+�(2860)+�(2860)+ I (JP ) = 0(32+)Mass m = 2856.1+2.3
−6.0 MeVFull width � = 68+12
−22 MeV�(2880)+�(2880)+�(2880)+�(2880)+ I (JP ) = 0(52+)Mass m = 2881.63 ± 0.24 MeVm − m�+ = 595.17 ± 0.28 MeVFull width � = 5.6+0.8
−0.6 MeV�(2940)+�(2940)+�(2940)+�(2940)+ I (JP ) = 0(32−)JP = 3/2− is favored, but is not ertainMass m = 2939.6+1.3
−1.5 MeVFull width � = 20+6
−5 MeV� (2455)� (2455)� (2455)� (2455) I (JP ) = 1(12+)� (2455)++mass m = 2453.97 ± 0.14 MeV� (2455)+ mass m = 2452.9 ± 0.4 MeV� (2455)0 mass m = 2453.75 ± 0.14 MeVm�++ − m�+ = 167.510 ± 0.017 MeVm�+ − m�+ = 166.4 ± 0.4 MeVm�0 − m�+ = 167.290 ± 0.017 MeVm�++ − m�0 = 0.220 ± 0.013 MeVm�+ − m�0 = −0.9 ± 0.4 MeV� (2455)++full width � = 1.89+0.09

−0.18 MeV (S = 1.1)� (2455)+ full width � < 4.6 MeV, CL = 90%� (2455)0 full width � = 1.83+0.11
−0.19 MeV (S = 1.2)�+ π is the only strong deay allowed to a � having this mass.� (2455) DECAY MODES� (2455) DECAY MODES� (2455) DECAY MODES� (2455) DECAY MODES Fration (�i /�) p (MeV/)�+ π ≈ 100 % 94
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172172172172 Baryon Summary Table� (2520)� (2520)� (2520)� (2520) I (JP ) = 1(32+)JP has not been measured; 32+ is the quark-model predition.� (2520)++mass m = 2518.41+0.21
−0.19 MeV (S = 1.1)� (2520)+ mass m = 2517.5 ± 2.3 MeV� (2520)0 mass m = 2518.48 ± 0.20 MeV (S = 1.1)m�(2520)++ − m�+ = 231.95+0.17
−0.12 MeV (S = 1.3)m�(2520)+ − m�+ = 231.0 ± 2.3 MeVm�(2520)0 − m�+ = 232.02+0.15

−0.14 MeV (S = 1.3)m�(2520)++ − m�(2520)0 = 0.01 ± 0.15 MeV� (2520)++ full width � = 14.78+0.30
−0.40 MeV� (2520)+ full width � < 17 MeV, CL = 90%� (2520)0 full width � = 15.3+0.4

−0.5 MeV�+ π is the only strong deay allowed to a � having this mass.� (2520) DECAY MODES� (2520) DECAY MODES� (2520) DECAY MODES� (2520) DECAY MODES Fration (�i /�) p (MeV/)�+ π ≈ 100 % 179� (2800)� (2800)� (2800)� (2800) I (JP ) = 1(??)� (2800)++ mass m = 2801+4
−6 MeV� (2800)+ mass m = 2792+14

− 5 MeV� (2800)0 mass m = 2806+5
−7 MeV (S = 1.3)m�(2800)++ − m�+ = 514+4

−6 MeVm�(2800)+ − m�+ = 505+14
− 5 MeVm�(2800)0 − m�+ = 519+5
−7 MeV (S = 1.3)� (2800)++ full width � = 75+22

−17 MeV� (2800)+ full width � = 62+60
−40 MeV� (2800)0 full width � = 72+22
−15 MeV�+�+�+�+ I (JP ) = 12 (12+)JP has not been measured; 12+ is the quark-model predition.Mass m = 2467.87 ± 0.30 MeV (S = 1.1)Mean life τ = (442 ± 26)× 10−15 s (S = 1.3)τ = 132 µmBranhing frations marked with a footnote, e.g. [a℄, have been orretedfor deay modes not observed in the experiments. For example, the submodefration �+ → �+K∗(892)0 seen in �+ → �+K−π+ has been multipliedup to inlude K∗(892)0 → K0π0 deays.
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Baryon Summary Table 173173173173p�+ DECAY MODES�+ DECAY MODES�+ DECAY MODES�+ DECAY MODES Fration (�i /�) Con�dene level (MeV/)No absolute branhing frations have been measured.No absolute branhing frations have been measured.No absolute branhing frations have been measured.No absolute branhing frations have been measured.The following are branhing ratios relative to �−2π+.The following are branhing ratios relative to �−2π+.The following are branhing ratios relative to �−2π+.The following are branhing ratios relative to �−2π+.Cabibbo-favored (S = −2) deays | relative to �−2π+Cabibbo-favored (S = −2) deays | relative to �−2π+Cabibbo-favored (S = −2) deays | relative to �−2π+Cabibbo-favored (S = −2) deays | relative to �−2π+p2K0S 0.087±0.021 767�K0π+ | 852� (1385)+K0 [r ℄ 1.0 ±0.5 746�K−2π+ 0.323±0.033 787�K∗(892)0π+ [r ℄ <0.16 90% 608� (1385)+K−π+ [r ℄ <0.23 90% 678�+K−π+ 0.94 ±0.10 811�+K∗(892)0 [r ℄ 0.81 ±0.15 658�0K−2π+ 0.27 ±0.12 735� 0π+ 0.55 ±0.16 877�−2π+ DEFINED AS 1DEFINED AS 1DEFINED AS 1DEFINED AS 1 851� (1530)0π+ [r ℄ <0.10 90% 750� 0π+π0 2.3 ±0.7 856� 0π−2π+ 1.7 ±0.5 818� 0 e+νe 2.3 +0.7
−0.8 884
−K+π+ 0.07 ±0.04 399Cabibbo-suppressed deays | relative to �−2π+Cabibbo-suppressed deays | relative to �−2π+Cabibbo-suppressed deays | relative to �−2π+Cabibbo-suppressed deays | relative to �−2π+pK−π+ 0.21 ±0.04 944pK∗(892)0 [r ℄ 0.116±0.030 828�+π+π− 0.48 ±0.20 922�−2π+ 0.18 ±0.09 918�+K+K− 0.15 ±0.06 579�+φ [r ℄ <0.11 90% 549� (1690)0K+ , � 0

→ �+K−
<0.05 90% 501� 0� 0� 0� 0 I (JP ) = 12 (12+)JP has not been measured; 12+ is the quark-model predition.Mass m = 2470.87+0.28

−0.31 MeVm�0 − m�+ = 3.00 ± 0.24 MeVMean life τ = (112+13
−10)× 10−15 sτ = 33.6 µmDeay asymmetry parametersDeay asymmetry parametersDeay asymmetry parametersDeay asymmetry parameters�−π+ α = −0.6 ± 0.4Branhing frations marked with a footnote, e.g. [a℄, have been orreted fordeay modes not observed in the experiments. For example, the submode fra-tion �0 → pK−K∗(892)0 seen in �0 → pK−K−π+ has been multipliedup to inlude K∗(892)0 → K0π0 deays.
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174174174174 Baryon Summary Table�0 DECAY MODES�0 DECAY MODES�0 DECAY MODES�0 DECAY MODES Fration (�i /�) p (MeV/)No absolute branhing frations have been measured.No absolute branhing frations have been measured.No absolute branhing frations have been measured.No absolute branhing frations have been measured.The following are branhing ratios relative to �−π+.The following are branhing ratios relative to �−π+.The following are branhing ratios relative to �−π+.The following are branhing ratios relative to �−π+.Cabibbo-favored (S = −2) deays | relative to �−π+Cabibbo-favored (S = −2) deays | relative to �−π+Cabibbo-favored (S = −2) deays | relative to �−π+Cabibbo-favored (S = −2) deays | relative to �−π+pK−K−π+ 0.34 ±0.04 676pK−K∗(892)0 [r ℄ 0.21 ±0.05 413pK−K−π+ (no K∗0) 0.21 ±0.04 676�K0S 0.210±0.028 906�K−π+ 1.07 ±0.14 856�−π+ DEFINED AS 1DEFINED AS 1DEFINED AS 1DEFINED AS 1 875�−π+π+π− 3.3 ±1.4 816
−K+ 0.297±0.024 522�− e+ νe 3.1 ±1.1 882�− ℓ+anything 1.0 ±0.5 {Cabibbo-suppressed deays | relative to �−π+Cabibbo-suppressed deays | relative to �−π+Cabibbo-suppressed deays | relative to �−π+Cabibbo-suppressed deays | relative to �−π+�−K+ 0.028±0.006 790�K+K− (no φ) 0.029±0.007 648�φ [r ℄ 0.034±0.007 621See Partile Listings for 2 deay modes that have been seen / not seen.� ′+� ′+� ′+� ′+ I (JP ) = 12 (12+)JP has not been measured; 12+ is the quark-model predition.Mass m = 2577.4 ± 1.2 MeV (S = 2.9)m� ′+ − m�+ = 109.5 ± 1.2 MeV (S = 3.7)m� ′+ − m� ′0 = −1.4 ± 1.3 MeV (S = 2.5)� ′0� ′0� ′0� ′0 I (JP ) = 12 (12+)JP has not been measured; 12+ is the quark-model predition.Mass m = 2578.8 ± 0.5 MeV (S = 1.2)m� ′0 − m�0 = 108.0 ± 0.4 MeV (S = 1.2)�(2645)�(2645)�(2645)�(2645) I (JP ) = 12 (32+)JP has not been measured; 32+ is the quark-model predition.� (2645)+ mass m = 2645.53 ± 0.31 MeV� (2645)0 mass m = 2646.32 ± 0.31 MeV (S = 1.1)m�(2645)+ − m�0 = 174.66 ± 0.09 MeVm�(2645)0 − m�+ = 178.44 ± 0.11 MeV (S = 1.1)m�(2645)+ − m�(2645)0 = −0.79 ± 0.27 MeV� (2645)+ full width � = 2.14 ± 0.19 MeV (S = 1.1)� (2645)0 full width � = 2.35 ± 0.22 MeV
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Baryon Summary Table 175175175175�(2790)�(2790)�(2790)�(2790) I (JP ) = 12 (12−)JP has not been measured; 12− is the quark-model predition.� (2790)+ mass = 2792.0 ± 0.5 MeV (S = 1.2)� (2790)0 mass = 2792.8 ± 1.2 MeV (S = 2.9)m�(2790)+ − m�0 = 321.1 ± 0.4 MeV (S = 1.2)m�(2790)0 − m�+ = 324.9 ± 1.2 MeV (S = 3.7)m�(2790)+ − m� ′0 = 213.10 ± 0.26 MeV (S = 1.2)m�(2790)0 − m� ′+ = 215.4 ± 0.8 MeV (S = 3.7)m�(2790)+ − m�(2790)0 = −0.9 ± 1.3 MeV (S = 2.5)� (2790)+ width = 8.9 ± 1.0 MeV� (2790)0 width = 10.0 ± 1.1 MeV�(2815)�(2815)�(2815)�(2815) I (JP ) = 12 (32−)JP has not been measured; 32− is the quark-model predition.� (2815)+ mass m = 2816.67 ± 0.31 MeV (S = 1.1)� (2815)0 mass m = 2820.22 ± 0.32 MeVm�(2815)+ − m�+ = 348.80 ± 0.10 MeVm�(2815)0 − m�0 = 349.35 ± 0.11 MeVm�(2815)+ − m�(2815)0 = −3.55 ± 0.28 MeV� (2815)+ full width � = 2.43 ± 0.26 MeV� (2815)0 full width � = 2.54 ± 0.25 MeV�(2970)�(2970)�(2970)�(2970) I (JP ) = 12 (??)� (2970)+ m = 2969.4 ± 0.8 MeV (S = 1.1)� (2970)0 m = 2967.8 ± 0.8 MeV (S = 1.1)m�(2970)+ − m�0 = 498.5 ± 0.8 MeV (S = 1.1)m�(2970)0 − m�+ = 499.9+0.8
−0.7 MeV (S = 1.1)m�(2970)+ − m�(2970)0 = 1.6 ± 1.1 MeV (S = 1.1)� (2970)+ width � = 20.9+2.4

−3.5 MeV (S = 1.2)� (2970)0 width � = 28.1+3.4
−4.0 MeV (S = 1.5)�(3055)�(3055)�(3055)�(3055) I (JP ) = ?(??)Mass m = 3055.9 ± 0.4 MeVFull width � = 7.8 ± 1.9 MeV�(3080)�(3080)�(3080)�(3080) I (JP ) = 12 (??)� (3080)+ m = 3077.2 ± 0.4 MeV� (3080)0 m = 3079.9 ± 1.4 MeV (S = 1.3)� (3080)+ width � = 3.6 ± 1.1 MeV (S = 1.5)� (3080)0 width � = 5.6 ± 2.2 MeV
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176176176176 Baryon Summary Table
0
0
0
0 I (JP ) = 0(12+)JP has not been measured; 12+ is the quark-model predition.Mass m = 2695.2 ± 1.7 MeV (S = 1.3)Mean life τ = (69 ± 12)× 10−15 sτ = 21 µm p
0 DECAY MODES
0 DECAY MODES
0 DECAY MODES
0 DECAY MODES Fration (�i /�) Con�dene level (MeV/)No absolute branhing frations have been measured.No absolute branhing frations have been measured.No absolute branhing frations have been measured.No absolute branhing frations have been measured.The following are branhing ratios relative to 
−π+.The following are branhing ratios relative to 
−π+.The following are branhing ratios relative to 
−π+.The following are branhing ratios relative to 
−π+.Cabibbo-favored (S = −3) deays | relative to 
−π+Cabibbo-favored (S = −3) deays | relative to 
−π+Cabibbo-favored (S = −3) deays | relative to 
−π+Cabibbo-favored (S = −3) deays | relative to 
−π+
−π+ DEFINED AS 1DEFINED AS 1DEFINED AS 1DEFINED AS 1 821
−π+π0 1.80±0.33 797
−ρ+ >1.3 90% 532
−π− 2π+ 0.31±0.05 753
− e+ νe 2.4 ±1.2 829� 0K0 1.64±0.29 950� 0K−π+ 1.20±0.18 901� 0K∗0, K∗0
→ K−π+ 0.68±0.16 764�−K0π+ 2.12±0.28 895�−K−2π+ 0.63±0.09 830� (1530)0K−π+, � ∗0

→ �−π+ 0.21±0.06 757�−K∗0π+ 0.34±0.11 653�+K−K−π+ <0.32 90% 689�K0K0 1.72±0.35 837
 (2770)0
 (2770)0
 (2770)0
 (2770)0 I (JP ) = 0(32+)JP has not been measured; 32+ is the quark-model predition.Mass m = 2765.9 ± 2.0 MeV (S = 1.2)m
(2770)0 − m
0 = 70.7+0.8
−0.9 MeVThe 
 (2770)0{
0 mass di�erene is too small for any strong deay to our.
 (2770)0 DECAY MODES
 (2770)0 DECAY MODES
 (2770)0 DECAY MODES
 (2770)0 DECAY MODES Fration (�i /�) p (MeV/)
0 γ presumably 100% 70
 (3000)0
 (3000)0
 (3000)0
 (3000)0 I (JP ) = ?(??)Mass m = 3000.4 ± 0.4 MeVFull width � = 4.5 ± 0.7 MeV
 (3050)0
 (3050)0
 (3050)0
 (3050)0 I (JP ) = ?(??)Mass m = 3050.2 ± 0.33 MeVFull width � < 1.2 MeV, CL = 95%
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Baryon Summary Table 177177177177
 (3065)0
 (3065)0
 (3065)0
 (3065)0 I (JP ) = ?(??)Mass m = 3065.6 ± 0.4 MeVFull width � = 3.5 ± 0.4 MeV
 (3090)0
 (3090)0
 (3090)0
 (3090)0 I (JP ) = ?(??)Mass m = 3090.2 ± 0.7 MeVFull width � = 8.7 ± 1.3 MeV
 (3120)0
 (3120)0
 (3120)0
 (3120)0 I (JP ) = ?(??)Mass m = 3119.1 ± 1.0 MeVFull width � < 2.6 MeV, CL = 95%DOUBLY CHARMED BARYONSDOUBLY CHARMED BARYONSDOUBLY CHARMED BARYONSDOUBLY CHARMED BARYONS(C = +2)(C = +2)(C = +2)(C = +2)�++
cc

= u  , �+
cc

= d   , 
+
cc

= s  �++
cc

�++
cc

�++
cc

�++
cc

I (JP ) = ?(??)Mass m = 3621.4 ± 0.8 MeVBOTTOM BARYONSBOTTOM BARYONSBOTTOM BARYONSBOTTOM BARYONS(B = −1)(B = −1)(B = −1)(B = −1)�0b = ud b, � 0b = u s b, �−b = d s b, 
−b = s s b�0b�0b�0b�0b I (JP ) = 0(12+)I (JP ) not yet measured; 0(12+) is the quark model predition.Mass m = 5619.60 ± 0.17 MeVm�0b − mB0 = 339.2 ± 1.4 MeVm�0b − mB+ = 339.72 ± 0.28 MeVMean life τ = (1.470 ± 0.010)× 10−12 sτ = 440.7 µmACP (�b → pπ−) = 0.06 ± 0.08ACP (�b → pK−) = −0.10 ± 0.09ACP (�b → pK0π−) = 0.22 ± 0.13�ACP (J/ψpπ−/K−) ≡ ACP (J/ψpπ−) − ACP (J/ψpK−) =(5.7 ± 2.7)× 10−2ACP (�b → �K+π−) = −0.53 ± 0.25ACP (�b → �K+K−) = −0.28 ± 0.12�ACP (�0b → pK−µ+µ−) ≡ ACP (pK−µ+µ−)
− ACP (pK− J/ψ) = (−4 ± 5)× 10−2
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178178178178 Baryon Summary Table
α deay parameter for �b → J/ψ� = 0.18 ± 0.13Aℓ

FB
(µµ) in �b → �µ+µ− = −0.05 ± 0.09Ah

FB
(pπ) in �b → �(pπ)µ+µ− = −0.29 ± 0.08fL(µµ) longitudinal polarization fration in �b → �µ+µ− =0.61+0.11

−0.14The branhing frations B(b -baryon → �ℓ− νℓ anything) and B(�0b →�+ ℓ− νℓ anything) are not pure measurements beause the underlying mea-sured produts of these with B(b → b -baryon) were used to determine B(b →b -baryon), as desribed in the note \Prodution and Deay of b-FlavoredHadrons."For inlusive branhing frations, e.g., �b → � anything, the values usuallyare multipliities, not branhing frations. They an be greater than one.Sale fator/ p�0b DECAY MODES�0b DECAY MODES�0b DECAY MODES�0b DECAY MODES Fration (�i /�) Con�dene level (MeV/)J/ψ(1S)�× B(b → �0b) ( 5.8 ±0.8 )× 10−5 1740pD0π− ( 6.3 ±0.7 )× 10−4 2370pD0K− ( 4.6 ±0.8 )× 10−5 2269pJ/ψπ− ( 2.6 +0.5
−0.4 )× 10−5 1755pπ− J/ψ, J/ψ → µ+µ− ( 1.6 ±0.8 )× 10−6 {pJ/ψK− ( 3.2 +0.6
−0.5 )× 10−4 1589P (4380)+K−, P → pJ/ψ [u℄ ( 2.7 ±1.4 )× 10−5 {P (4450)+K−, P → pJ/ψ [u℄ ( 1.3 ±0.4 )× 10−5 {

χ1(1P)pK− ( 7.6 +1.5
−1.3 )× 10−5 1242

χ2(1P)pK− ( 7.9 +1.6
−1.4 )× 10−5 1198pJ/ψ(1S)π+π−K− ( 6.6 +1.3
−1.1 )× 10−5 1410pψ(2S)K− ( 6.6 +1.2
−1.0 )× 10−5 1063pK0π− ( 1.3 ±0.4 )× 10−5 2693pK0K−

< 3.5 × 10−6 CL=90% 2639�+ π− ( 4.9 ±0.4 )× 10−3 S=1.2 2342�+ K− ( 3.59±0.30)× 10−4 S=1.2 2314�+ D− ( 4.6 ±0.6 )× 10−4 1886�+ D−s ( 1.10±0.10) % 1833�+ π+π−π− ( 7.7 ±1.1 )× 10−3 S=1.1 2323� (2595)+π− , � (2595)+ →�+ π+π−

( 3.4 ±1.5 )× 10−4 2210� (2625)+π− , � (2625)+ →�+ π+π−

( 3.3 ±1.3 )× 10−4 2193� (2455)0π+π− , �0 →�+ π−

( 5.7 ±2.2 )× 10−4 2265� (2455)++π−π− , �++ →�+ π+ ( 3.2 ±1.6 )× 10−4 2265�+ ℓ−νℓ anything [v ℄ (10.3 ±2.1 ) % {�+ ℓ−νℓ ( 6.2 +1.4
−1.3 ) % 2345�+ π+π− ℓ−νℓ ( 5.6 ±3.1 ) % 2335� (2595)+ ℓ−νℓ ( 7.9 +4.0
−3.5 )× 10−3 2212� (2625)+ ℓ−νℓ ( 1.3 +0.6
−0.5 ) % 2195
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Baryon Summary Table 179179179179ph− [x ℄ < 2.3 × 10−5 CL=90% 2730pπ− ( 4.2 ±0.8 )× 10−6 2730pK− ( 5.1 ±0.9 )× 10−6 2709pD−s < 4.8 × 10−4 CL=90% 2364pµ−νµ ( 4.1 ±1.0 )× 10−4 2730�µ+µ− ( 1.08±0.28)× 10−6 2695pπ−µ+µ− ( 6.9 ±2.5 )× 10−8 2720�γ < 1.3 × 10−3 CL=90% 2699�0 η ( 9 +7
−5 )× 10−6 {�0 η′(958) < 3.1 × 10−6 CL=90% {�π+π− ( 4.6 ±1.9 )× 10−6 2692�K+π− ( 5.7 ±1.2 )× 10−6 2660�K+K− ( 1.61±0.23)× 10−5 2605�0φ ( 9.2 ±2.5 )× 10−6 {See Partile Listings for 1 deay modes that have been seen / not seen.�b(5912)0�b(5912)0�b(5912)0�b(5912)0 JP = 12−Mass m = 5912.20 ± 0.21 MeVFull width � < 0.66 MeV, CL = 90%�b(5920)0�b(5920)0�b(5920)0�b(5920)0 JP = 32−Mass m = 5919.92 ± 0.19 MeV (S = 1.1)Full width � < 0.63 MeV, CL = 90%�b�b�b�b I (JP ) = 1(12+)I, J, P need on�rmation.Mass m(�+b ) = 5811.3 ± 1.9 MeVMass m(�−b ) = 5815.5 ± 1.8 MeVm�+b − m�−b = −4.2 ± 1.1 MeV�(�+b ) = 9.7+4.0

−3.0 MeV�(�−b ) = 4.9+3.3
−2.4 MeV�b DECAY MODES�b DECAY MODES�b DECAY MODES�b DECAY MODES Fration (�i /�) p (MeV/)�0b π dominant 134� ∗b� ∗b� ∗b� ∗b I (JP ) = 1(32+)I, J, P need on�rmation.Mass m(�∗+b ) = 5832.1 ± 1.9 MeVMass m(�∗−b ) = 5835.1 ± 1.9 MeVm�∗+b − m�∗−b = −3.0+1.0

−0.9 MeV�(�∗+b ) = 11.5 ± 2.8 MeV�(�∗−b ) = 7.5 ± 2.3 MeVm�∗b − m�b = 21.2 ± 2.0 MeV
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180180180180 Baryon Summary Table�∗b DECAY MODES�∗b DECAY MODES�∗b DECAY MODES�∗b DECAY MODES Fration (�i /�) p (MeV/)�0b π dominant 161� 0b, �−b� 0b, �−b� 0b, �−b� 0b, �−b I (JP ) = 12 (12+)I, J, P need on�rmation.m(�−b ) = 5797.0 ± 0.9 MeV (S = 1.8)m(� 0b) = 5791.9 ± 0.5 MeVm�−b − m�0b = 177.5 ± 0.5 MeV (S = 1.6)m�0b − m�0b = 172.5 ± 0.4 MeVm�−b − m�0b = 5.9 ± 0.6 MeVMean life τ�−b = (1.571 ± 0.040)× 10−12 sMean life τ�0b = (1.479 ± 0.031)× 10−12 s Sale fator/ p�b DECAY MODES�b DECAY MODES�b DECAY MODES�b DECAY MODES Fration (�i /�) Con�dene level (MeV/)�− ℓ−νℓX × B(b → �b) (3.9 ±1.2 )× 10−4 S=1.4 {J/ψ�−
× B(b → �−b ) (1.02+0.26

−0.21) × 10−5 1782J/ψ�K−
× B(b → �−b ) (2.5 ±0.4 )× 10−6 1631pD0K−

× B(b → �b) (1.8 ±0.6 )× 10−6 2374pK0π−
× B(b → �b)/B(b → B0) < 1.6 × 10−6 CL=90% 2783pK0K−
× B(b → �b)/B(b → B0) < 1.1 × 10−6 CL=90% 2730pK−K−
× B(b → �b) (3.6 ±0.8 )× 10−8 2731�π+π−
× B(b → � 0b)/B(b → �0b) < 1.7 × 10−6 CL=90% 2781�K−π+× B(b → � 0b)/B(b →�0b) < 8 × 10−7 CL=90% 2751�K+K−
× B(b → � 0b)/B(b →�0b) < 3 × 10−7 CL=90% 2698�+ K−

× B(b → �b) (6 ±4 )× 10−7 2416�0b π−
× B(b → �−b )/B(b → �0b) (5.7 ±2.0 )× 10−4 99� ′b(5935)−� ′b(5935)−� ′b(5935)−� ′b(5935)− JP = 12+Mass m = 5935.02 ± 0.05 MeVm� ′b(5935)− − m�0b − m

π−
= 3.653 ± 0.019 MeVFull width � < 0.08 MeV, CL = 95%� ′b(5935)− DECAY MODES� ′b(5935)− DECAY MODES� ′b(5935)− DECAY MODES� ′b(5935)− DECAY MODES Fration (�i /�) p (MeV/)� 0b π−

× B(b →� ′b(5935)−)/B(b → � 0b) (11.8±1.8) % 31�b(5945)0�b(5945)0�b(5945)0�b(5945)0 JP = 32+Mass m = 5949.8 ± 1.4 MeVFull width � = 0.90 ± 0.18 MeV
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Baryon Summary Table 181181181181�b(5955)−�b(5955)−�b(5955)−�b(5955)− JP = 32+Mass m = 5955.33 ± 0.13 MeVm�b(5955)− − m�0b − m
π−

= 23.96 ± 0.13 MeVFull width � = 1.65 ± 0.33 MeV�b(5955)− DECAY MODES�b(5955)− DECAY MODES�b(5955)− DECAY MODES�b(5955)− DECAY MODES Fration (�i /�) p (MeV/)� 0b π−
× B(b →� ∗b(5955)−)/B(b → � 0b) (20.7±3.5) % 84
−b
−b
−b
−b I (JP ) = 0(12+)I, J, P need on�rmation.Mass m = 6046.1 ± 1.7 MeVm
−b − m�0b = 426.4 ± 2.2 MeVm
−b − m�−b = 247.3 ± 3.2 MeVMean life τ = (1.64+0.18

−0.17)× 10−12 s
τ(
−b )/τ(�−b ) mean life ratio = 1.11 ± 0.16 p
−b DECAY MODES
−b DECAY MODES
−b DECAY MODES
−b DECAY MODES Fration (�i /�) Con�dene level (MeV/)J/ψ
−

×B(b → 
b) (2.9+1.1
−0.8)× 10−6 1806pK−K−

×B(b → 
b) < 2.5 × 10−9 90% 2866pπ−π−
×B(b → 
b) < 1.5 × 10−8 90% 2943pK−π−
×B(b → 
b) < 7 × 10−9 90% 2915b-baryon ADMIXTURE (�b, �b, �b, 
b)b-baryon ADMIXTURE (�b, �b, �b, 
b)b-baryon ADMIXTURE (�b, �b, �b, 
b)b-baryon ADMIXTURE (�b, �b, �b, 
b)These branhing frations are atually an average over weakly deaying b-baryons weighted by their prodution rates at the LHC, LEP, and Tevatron,branhing ratios, and detetion eÆienies. They sale with the b-baryon pro-dution fration B(b → b -baryon).The branhing frations B(b -baryon → �ℓ− νℓ anything) and B(�0b →�+ ℓ− νℓ anything) are not pure measurements beause the underlying mea-sured produts of these with B(b → b -baryon) were used to determine B(b →b -baryon), as desribed in the note \Prodution and Deay of b-FlavoredHadrons."For inlusive branhing frations, e.g., B → D± anything, the values usuallyare multipliities, not branhing frations. They an be greater than one.b-baryon ADMIXTURE DECAY MODESb-baryon ADMIXTURE DECAY MODESb-baryon ADMIXTURE DECAY MODESb-baryon ADMIXTURE DECAY MODES(�b ,�b,�b ,
b)(�b ,�b,�b ,
b)(�b ,�b,�b ,
b)(�b ,�b,�b ,
b) Fration (�i /�) p (MeV/)pµ−ν anything ( 5.5+ 2.2

− 1.9) % {p ℓνℓ anything ( 5.3± 1.1) % {panything (66 ±21 ) % {�ℓ−νℓ anything ( 3.6± 0.6) % {�ℓ+νℓ anything ( 3.0± 0.8) % {�anything (37 ± 7 ) % {�− ℓ−νℓ anything ( 6.2± 1.6)× 10−3 {
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182182182182 Baryon Summary TableNOTESThis Summary Table only inludes established baryons. The Partile Listings inludeevidene for other baryons. The masses, widths, and branhing frations for theresonanes in this Table are Breit-Wigner parameters, but pole positions are alsogiven for most of the N and � resonanes.For most of the resonanes, the parameters ome from various partial-wave analysesof more or less the same sets of data, and it is not appropriate to treat the resultsof the analyses as independent or to average them together.When a quantity has \(S = . . .)" to its right, the error on the quantity has beenenlarged by the \sale fator" S, de�ned as S = √

χ2/(N − 1), where N is thenumber of measurements used in alulating the quantity.A deay momentum p is given for eah deay mode. For a 2-body deay, p is themomentum of eah deay produt in the rest frame of the deaying partile. For a3-or-more-body deay, p is the largest momentum any of the produts an have inthis frame. For any resonane, the nominal mass is used in alulating p.[a℄ The masses of the p and n are most preisely known in u (uni�ed atomimass units). The onversion fator to MeV, 1 u = 931.494061(21)MeV,is less well known than are the masses in u.[b℄ The ∣

∣mp−mp∣∣/mp and ∣

∣qp + qp∣∣/e are not independent, and both usethe more preise measurement of ∣

∣qp/mp∣∣/(qp/mp).[ ℄ The limit is from neutrality-of-matter experiments; it assumes qn = qp +qe . See also the harge of the neutron.[d ℄ The µp and e p values for the harge radius are muh too di�erent toaverage them. The disagreement is not yet understood.[e℄ There is a lot of disagreement about the value of the proton magnetiharge radius. See the Listings.[f ℄ The �rst limit is for p → anything or "disappearane" modes of a boundproton. The seond entry, a rough range of limits, assumes the dominantdeay modes are among those investigated. For antiprotons the bestlimit, inferred from the observation of osmi ray p's is τ p > 107yr, the osmi-ray storage time, but this limit depends on a number ofassumptions. The best diret observation of stored antiprotons gives
τ p/B(p → e−γ) > 7× 105 yr.[g ℄ There is some ontroversy about whether nulear physis and modeldependene ompliate the analysis for bound neutrons (from whih thebest limit omes). The �rst limit here is from reator experiments withfree neutrons.[h℄ Lee and Yang in 1956 proposed the existene of a mirror world in anattempt to restore global parity symmetry|thus a searh for osillationsbetween the two worlds. Osillations between the worlds would be max-imal when the magneti �elds B and B ′ were equal. The limit for anyB ′ in the range 0 to 12.5 µT is >12 s (95% CL).[i ℄ The parameters gA, gV , and gWM for semileptoni modes are de�ned byB f [γλ(gV + gAγ5) + i(gWM/mBi ) σλν qν ℄Bi , and φAV is de�ned bygA/gV = ∣

∣gA/gV ∣

∣eiφAV . See the \Note on Baryon Deay Parameters"in the neutron Partile Listings in the Full Review of Partile Physis.[j ℄ Time-reversal invariane requires this to be 0◦ or 180◦.[k ℄ This oeÆient is zero if time invariane is not violated.[l ℄ This limit is for γ energies between 0.4 and 782 keV.[n℄ The deay parameters γ and � are alulated from α and φ using
γ = √1−α2 osφ , tan� = −

1
α

√1−α2 sinφ .
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Baryon Summary Table 183183183183See the \Note on Baryon Deay Parameters" in the neutron Partile List-ings in the Full Review of Partile Physis.[o℄ See Partile Listings in the Full Review of Partile Physis for the pionmomentum range used in this measurement.[p℄ The error given here is only an eduated guess. It is larger than the erroron the weighted average of the published values.[q℄ A theoretial value using QED.[r ℄ This branhing fration inludes all the deay modes of the �nal-stateresonane.[s℄ The value is for the sum of the harge states or partile/antipartilestates indiated.[t℄ See AALTONEN 11H, Fig. 8, for the alulated ratio of �+ π0π0 and�+ π+π− partial widths as a funtion of the � (2595)+ − �+ massdi�erene. At our value of the mass di�erene, the ratio is about 4.[u℄ P+ is a pentaquark-harmonium state.[v ℄ Not a pure measurement. See note at head of �0b Deay Modes.[x ℄ Here h− means π− or K−.
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184184184184 Searhes Summary TableSEARCHESSEARCHESSEARCHESSEARCHESnot in other setionsnot in other setionsnot in other setionsnot in other setionsMagneti Monopole SearhesMagneti Monopole SearhesMagneti Monopole SearhesMagneti Monopole SearhesIsolated supermassive monopole andidate events have not been on-�rmed. The most sensitive experiments obtain negative results.Best osmi-ray supermassive monopole ux limit:
< 1.4× 10−16 m−2sr−1s−1 for 1.1× 10−4 < β < 1Supersymmetri Partile SearhesSupersymmetri Partile SearhesSupersymmetri Partile SearhesSupersymmetri Partile SearhesAll supersymmetri mass bounds here are model dependent.The limits assume:1) χ̃01 is the lightest supersymmetri partile; 2)R-parity is onserved;See the Partile Listings in the Full Review of Partile Physis for a Notegiving details of supersymmetry.

χ̃0i | neutralinos (mixtures of γ̃, ˜Z0, and ˜H0i )Mass m
χ̃01 > 0 GeV, CL = 95%[general MSSM, non-universal gaugino masses℄Mass m
χ̃01 > 46 GeV, CL = 95%[all tanβ, all m0, all mχ̃02 − m

χ̃01 ℄Mass m
χ̃02 > 670 GeV, CL = 95%[3/4ℓ + 6ET , Tn2n3B, mχ̃01 < 200GeV℄Mass m
χ̃03 > 670 GeV, CL = 95%[3/4ℓ + 6ET , Tn2n3B, mχ̃01 < 200GeV℄Mass m
χ̃04 > 116 GeV, CL = 95%[1<tanβ <40, all m0, all mχ̃02 − m

χ̃01 ℄
χ̃±i | harginos (mixtures of ˜W± and ˜H±i )Mass m

χ̃±1 > 94 GeV, CL = 95%[tanβ < 40, m
χ̃±1 − m

χ̃01 > 3 GeV, all m0℄Mass m
χ̃±1 > 500 GeV, CL = 95%[2ℓ± + 6ET , Thi1hi1B, mχ̃01 = 0 GeV℄

χ̃± | long-lived harginoMass m
χ̃±

> 620 GeV, CL = 95% [stable χ̃±℄
ν̃ | sneutrinoMass m > 41 GeV, CL = 95% [model independent℄Mass m > 94 GeV, CL = 95%[CMSSM, 1 ≤ tanβ ≤ 40, m

˜eR−m
χ̃01 >10 GeV℄Mass m > 2300 GeV, CL = 95%[RPV, ν̃τ → eµ, λ′311 = 0.11℄

db2018.pp-ALL.pdf   185 9/14/18   4:36 PM



Searhes Summary Table 185185185185
˜e | salar eletron (seletron)Mass m(˜eL) > 107 GeV, CL = 95% [all m

˜eL{mχ̃01 ℄Mass m > 410 GeV, CL = 95%[RPV, ≥ 4ℓ±, ˜ℓ → l χ̃01, χ̃01 → ℓ± ℓ∓ν℄
µ̃ | salar muon (smuon)Mass m > 94 GeV, CL = 95%[CMSSM, 1 ≤ tanβ ≤ 40, mµ̃R{mχ̃01 > 10 GeV℄Mass m > 410 GeV, CL = 95%[RPV, ≥ 4ℓ±, ˜ℓ → l χ̃01, χ̃01 → ℓ± ℓ∓ν℄
τ̃ | salar tau (stau)Mass m > 81.9 GeV, CL = 95%[mτ̃R − m

χ̃01 >15 GeV, all θτ , B(τ̃ → τ χ̃01) = 100%℄Mass m > 286 GeV, CL = 95% [long-lived τ̃ ℄
˜q { squarks of the �rst two quark generationsMass m > 1450 GeV, CL = 95%[CMSSM, tanβ = 30, A0 = −2max(m0, m1/2), µ > 0℄Mass m > 1550 GeV, CL = 95%[mass degenerate squarks℄Mass m > 1050 GeV, CL = 95%[single light squark bounds℄
˜q | long-lived squarkMass m > 1000, CL = 95%[˜t , harge-suppressed interation model℄Mass m > 845, CL = 95% [˜b, stable, Regge model℄
˜b | salar bottom (sbottom)Mass m > 1230 GeV, CL = 95%[jets+6ET , Tsbot1, mχ̃01 = 0 GeV℄
˜t | salar top (stop)Mass m > 1120 GeV, CL = 95%[1ℓ+jets+6ET , Tstop1, mχ̃01 = 0 GeV℄
˜g | gluinoMass m > 1860 GeV, CL = 95%[ ≥ 1 jets + 6ET , Tglu1A, mχ̃01 = 0 GeV℄TehniolorTehniolorTehniolorTehniolorThe limits for tehniolor (and top-olor) partiles are quite varied de-pending on assumptions. See the Tehniolor setion of the full Review(the data listings).
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186186186186 Searhes Summary TableQuark and Lepton Compositeness,Quark and Lepton Compositeness,Quark and Lepton Compositeness,Quark and Lepton Compositeness,Searhes forSearhes forSearhes forSearhes forSale Limits � for Contat InterationsSale Limits � for Contat InterationsSale Limits � for Contat InterationsSale Limits � for Contat Interations(the lowest dimensional interations with four fermions)(the lowest dimensional interations with four fermions)(the lowest dimensional interations with four fermions)(the lowest dimensional interations with four fermions)If the Lagrangian has the form
±

g22�2 ψL γµ ψLψL γ µ ψL(with g2/4π set equal to 1), then we de�ne � ≡ �±LL. For thefull de�nitions and for other forms, see the Note in the Listings onSearhes for Quark and Lepton Compositeness in the full Reviewand the original literature.�+LL(e e e e) > 8.3 TeV, CL = 95%�−LL(e e e e) > 10.3 TeV, CL = 95%�+LL(e eµµ) > 8.5 TeV, CL = 95%�−LL(e eµµ) > 9.5 TeV, CL = 95%�+LL(e e τ τ) > 7.9 TeV, CL = 95%�−LL(e e τ τ) > 7.2 TeV, CL = 95%�+LL(ℓℓℓℓ) > 9.1 TeV, CL = 95%�−LL(ℓℓℓℓ) > 10.3 TeV, CL = 95%�+LL(e e qq) > 24 TeV, CL = 95%�−LL(e e qq) > 37 TeV, CL = 95%�+LL(e e uu) > 23.3 TeV, CL = 95%�−LL(e e uu) > 12.5 TeV, CL = 95%�+LL(e e d d) > 11.1 TeV, CL = 95%�−LL(e e d d) > 26.4 TeV, CL = 95%�+LL(e e  ) > 9.4 TeV, CL = 95%�−LL(e e  ) > 5.6 TeV, CL = 95%�+LL(e e bb) > 9.4 TeV, CL = 95%�−LL(e e bb) > 10.2 TeV, CL = 95%�+LL(µµqq) > 20 TeV, CL = 95%�−LL(µµqq) > 30 TeV, CL = 95%�(ℓν ℓν) > 3.10 TeV, CL = 90%�(e ν qq) > 2.81 TeV, CL = 95%�+LL(qqqq) > 13.1 none 17.4{29.5 TeV, CL = 95%�−LL(qqqq) > 21.8 TeV, CL = 95%�+LL(ν ν qq) > 5.0 TeV, CL = 95%�−LL(ν ν qq) > 5.4 TeV, CL = 95%
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Searhes Summary Table 187187187187Exited LeptonsExited LeptonsExited LeptonsExited LeptonsThe limits from ℓ∗+ ℓ∗− do not depend on λ (where λ is the ℓℓ∗transition oupling). The λ-dependent limits assume hiral oupling.e∗± | exited eletronMass m > 103.2 GeV, CL = 95% (from e∗ e∗)Mass m > 3.000× 103 GeV, CL = 95% (from e e∗)Mass m > 356 GeV, CL = 95% (if λγ = 1)
µ∗± | exited muonMass m > 103.2 GeV, CL = 95% (from µ∗µ∗)Mass m > 3.000× 103 GeV, CL = 95% (from µµ∗)
τ∗± | exited tauMass m > 103.2 GeV, CL = 95% (from τ∗ τ∗)Mass m > 2.500× 103 GeV, CL = 95% (from τ τ∗)
ν∗ | exited neutrinoMass m > 1.600× 103 GeV, CL = 95% (from ν∗ ν∗)Mass m > 213 GeV, CL = 95% (from ν∗X )q∗ | exited quarkMass m > 338 GeV, CL = 95% (from q∗q∗)Mass m > 6.000× 103 GeV, CL = 95% (from q∗X )Color Sextet and Otet PartilesColor Sextet and Otet PartilesColor Sextet and Otet PartilesColor Sextet and Otet PartilesColor Sextet Quarks (q6)Mass m > 84 GeV, CL = 95% (Stable q6)Color Otet Charged Leptons (ℓ8)Mass m > 86 GeV, CL = 95% (Stable ℓ8)Color Otet Neutrinos (ν8)Mass m > 110 GeV, CL = 90% (ν8 → ν g )Extra DimensionsExtra DimensionsExtra DimensionsExtra DimensionsRefer to the Extra Dimensions setion of the full Review for a disussionof the model-dependene of these bounds, and further onstraints.Constraints on the radius of the extra dimensions,Constraints on the radius of the extra dimensions,Constraints on the radius of the extra dimensions,Constraints on the radius of the extra dimensions,for the ase of two-at dimensions of equal radiifor the ase of two-at dimensions of equal radiifor the ase of two-at dimensions of equal radiifor the ase of two-at dimensions of equal radiiR < 30 µm, CL = 95% (diret tests of Newton's law)R < 10.9 µm, CL = 95% (pp → j G )R < 0.16{916 nm (astrophys.; limits depend on tehnique, assumptions)Constraints on the fundamental gravity saleConstraints on the fundamental gravity saleConstraints on the fundamental gravity saleConstraints on the fundamental gravity saleMTT > 8.4 TeV, CL = 95% (pp → dijet, angular distribution)Mc > 4.16 TeV, CL = 95% (pp → ℓℓ)Constraints on the Kaluza-Klein graviton in warped extra dimensionsConstraints on the Kaluza-Klein graviton in warped extra dimensionsConstraints on the Kaluza-Klein graviton in warped extra dimensionsConstraints on the Kaluza-Klein graviton in warped extra dimensionsMG > 4.1 TeV, CL = 95% (pp → γ γ)Constraints on the Kaluza-Klein gluon in warped extra dimensionsConstraints on the Kaluza-Klein gluon in warped extra dimensionsConstraints on the Kaluza-Klein gluon in warped extra dimensionsConstraints on the Kaluza-Klein gluon in warped extra dimensionsMgKK

> 2.5 TeV, CL = 95% (gKK → t t)
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188188188188 Tests of Conservation Laws
TESTS OF CONSERVATION LAWS

Updated April 2018 by L. Wolfenstein (Carnegie-Mellon Univer-
sity), C.-J. Lin (LBNL) and E. Pianori (LBNL).

In the following text, we list the best limits from the Test of Conser-

vation Laws table from the full Review of Particle Physics. Com-

plete details are in that full Review. Limits in this text are for

CL=90% unless otherwise specified. The Table is in two parts:

“Discrete Space-Time Symmetries,” i.e., C, P , T , CP , and CPT ;

and “Number Conservation Laws,” i.e., lepton, baryon, hadronic

flavor, and charge conservation. The references for these data can

be found in the the Particle Listings in the Review. A discussion of

these tests follows.

CPT INVARIANCE

General principles of relativistic field theory require invariance un-

der the combined transformation CPT . The simplest tests of CPT

invariance are the equality of the masses and lifetimes of a particle

and its antiparticle. The best test comes from the limit on the mass

difference between K0 and K
0
. Any such difference contributes to

the CP -violating parameter ǫ.

CP AND T INVARIANCE

Given CPT invariance, CP violation and T violation are equiv-

alent. The original evidence for CP violation came from the

measurement of |η+−| = |A(K0
L → π+π−)/A(K0

S → π+π−)| =

(2.232± 0.011)× 10−3. This could be explained in terms of K0–K
0

mixing, which also leads to the asymmetry [Γ(K0
L → π−e+ν) −

Γ(K0
L → π+e−ν)]/[sum] = (0.334± 0.007)%. Evidence for CP vio-

lation in the kaon decay amplitude comes from the measurement of

(1 − |η00/η+−|)/3 = Re(ǫ′/ǫ) = (1.66 ± 0.23) × 10−3. In the Stan-

dard Model much larger CP -violating effects are expected. The

first of these, which is associated with B–B mixing, is the param-

eter sin(2β) now measured quite accurately to be 0.679 ± 0.020.

A number of other CP -violating observables are being measured

in B decays; direct evidence for CP violation in the B decay am-

plitude comes from the asymmetry [Γ(B
0
→ K−π+) − Γ(B0

→

K+π−)]/[sum] = −0.082 ± 0.006. Direct tests of T violation are

much more difficult; a measurement by CPLEAR of the difference

between the oscillation probabilities of K0 to K0 and K0 to K0 is

related to T violation [3]. A nonzero value of the electric dipole
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Tests of Conservation Laws 189189189189
moment of the neutron and electron requires both P and T vio-

lation. The current experimental results are < 3.0 × 10−26 e cm

(neutron), and < 8.7× 10−29 e cm (electron) at the 90% C.L. The

BABAR experiment reported the first direct observation of T viola-

tion in the B system. The measured T -violating parameters in the

time evolution of the neutral B mesons are ∆S+

T = −1.37 ± 0.15

and ∆S−
T = 1.17 ± 0.21, with a significance of 14σ [4]. This ob-

servation of T violation, with exchange of initial and final states of

the neutral B, was made possible in a B-factory using the Einstein-

Podolsky-Rosen Entanglement of the two B’s produced in the decay

of the Υ(4S) and the two time-ordered decays of the B’s as filtering

measurements of the meson state [5].

CONSERVATION OF LEPTON NUMBERS

Present experimental evidence and the standard electroweak theory

are consistent with the absolute conservation of three separate lep-

ton numbers: electron number Le, muon number Lµ, and tau num-

ber Lτ , except for the effect of neutrino mixing associated with

neutrino masses. Searches for violations are of the following types:

a) ∆L = 2 for one type of charged lepton. The best limit

comes from the search for neutrinoless double beta decay (Z, A) →

(Z + 2, A)+e−+e−. The best laboratory limit is t1/2 > 1.07×1026

yr (CL=90%) for 136Xe from the KamLAND-Zen experiment [6].

b) Conversion of one charged-lepton type to another. For

purely leptonic processes, the best limits are on µ → eγ and µ →

3e, measured as Γ(µ → eγ)/Γ(µ →all) < 4.2 × 10−13 and Γ(µ →

3e)/Γ(µ → all) < 1.0 × 10−12.

c) Conversion of one type of charged lepton into an-

other type of charged antilepton. The case most studied is

µ−+(Z, A) → e+ + (Z − 2, A), the strongest limit being Γ(µ−Ti →

e+Ca)/Γ(µ−Ti → all) < 3.6 × 10−11.

d) Neutrino oscillations. It is expected even in the standard

electroweak theory that the lepton numbers are not separately con-

served, as a consequence of lepton mixing analogous to Cabibbo-

Kobayashi-Maskawa quark mixing. However, if the only source of

lepton-number violation is the mixing of low-mass neutrinos then

processes such as µ → eγ are expected to have extremely small
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190190190190 Tests of Conservation Laws
unobservable probabilities. For small neutrino masses, the lepton-

number violation would be observed first in neutrino oscillations,

which have been the subject of extensive experimental studies.

CONSERVATION OF HADRONIC FLAVORS

In strong and electromagnetic interactions, hadronic flavor

is conserved, i.e. the conversion of a quark of one flavor

(d, u, s, c, b, t) into a quark of another flavor is forbidden. In the

Standard Model, the weak interactions violate these conservation

laws in a manner described by the Cabibbo-Kobayashi-Maskawa

mixing (see the section “Cabibbo-Kobayashi-Maskawa Mixing Ma-

trix”). The way in which these conservation laws are violated is

tested as follows:

(a) ∆S = ∆Q rule. In the strangeness-changing semileptonic decay

of strange particles, the strangeness change equals the change in

charge of the hadrons. Tests come from limits on decay rates such

as Γ(Σ+
→ ne+ν)/Γ(Σ+

→ all) < 5 × 10−6, and from a detailed

analysis of KL → πeν, which yields the parameter x, measured to

be (Re x, Im x) = (−0.002±0.006, 0.0012±0.0021). Corresponding

rules are ∆C = ∆Q and ∆B = ∆Q.

(b) Change of flavor by two units. In the Standard Model this

occurs only in second-order weak interactions. The classic example

is ∆S = 2 via K0
− K

0
mixing. The ∆B = 2 transitions in the

B0 and B0
s systems via mixing are also well established. There is

now strong evidence of ∆C = 2 transition in the charm sector. with

the mass difference All results are consistent with the second-order

calculations in the Standard Model.

(c) Flavor-changing neutral currents. In the Standard Model

the neutral-current interactions do not change flavor. The low rate

Γ(KL → µ+µ−)/Γ(KL → all) = (6.84 ± 0.11) × 10−9 puts limits

on such interactions; the nonzero value for this rate is attributed to

a combination of the weak and electromagnetic interactions. The

best test should come from K+
→ π+νν. The LHCb and CMS ex-

periments have recently observed the FCNC decay of B0
s → µ+µ−.

The current world average value is Γ(B0
s → µ+µ−)/Γ(B0

s → all) =

(2.7+0.6
−0.5) × 10−9, which is consistent with the Standard Model ex-

pectation.

See the full Review of Particle Physics for references and Summary Tables.
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9. Quantum chromodynamics 191

9. Quantum Chromodynamics

Revised September 2017 by S. Bethke (Max-Planck-Institute of Physics,
Munich), G. Dissertori (ETH Zurich), and G.P. Salam (CERN).1

This update retains the 2016 summary of αs values, as few new results
were available at the deadline for this Review. Those and further new
results will be included in the next update.
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Figure 9.2: Summary of determinations of αs(M
2
Z

) from the six
sub-fields discussed in the text. The yellow (light shaded) bands and
dashed lines indicate the pre-average values of each sub-field. The
dotted line and grey (dark shaded) band represent the final world
average value of αs(M

2
Z

).

1 On leave from LPTHE, UMR 7589, CNRS, Paris, France
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192 10. Electroweak model and constraints on new physics

10. Electroweak Model and Constraints on New Physics

Revised March 2018 by J. Erler (U. Mexico), A. Freitas (Pittsburgh U.).

The standard model of the electroweak interactions (SM) [1] is based
on the gauge group SU(2) × U(1), with gauge bosons W i

µ, i = 1, 2, 3, and
Bµ for the SU(2) and U(1) factors, respectively, and the corresponding
gauge coupling constants g and g′.

170 171 172 173 174 175 176 177 178 179 180

mt [GeV]

80.35

80.36

80.37

80.38

80.39

80.40

M
W

 [
G
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]

direct (1σ)

indirect (1σ)

all data (90%)

Figure 10.5: One-standard-deviation (39.35%) region in MW as a
function of mt for the direct and indirect data, and the 90% CL
region (∆χ2 = 4.605) allowed by all data.

Table 10.7: Values of ŝ 2
Z , s2

W , αs, mt and MH [both in GeV] for
various data sets. In the fit to the LHC (Tevatron) data the αs constraint
is from the tt̄ production [204] (inclusive jet [205]) cross-section.

Data ŝ 2
Z s2

W αs(MZ) mt MH

All data 0.23122(3) 0.22332(7) 0.1187(16) 173.0 ± 0.4 125

All data except MH 0.23107(9) 0.22310(19) 0.1190(16) 172.8 ± 0.5 90+ 17
− 16

All data except MZ 0.23113(6) 0.22336(8) 0.1187(16) 172.8 ± 0.5 125

All data except MW 0.23124(3) 0.22347(7) 0.1191(16) 172.9 ± 0.5 125

All data except mt 0.23112(6) 0.22304(21) 0.1191(16) 176.4 ± 1.8 125

MH , MZ , ΓZ , mt 0.23125(7) 0.22351(13) 0.1209(45) 172.7 ± 0.5 125

LHC 0.23110(11) 0.22332(12) 0.1143(24) 172.4 ± 0.5 125

Tevatron + MZ 0.23102(13) 0.22295(30) 0.1160(45) 174.3 ± 0.7 100+ 31
− 26

LEP 0.23138(17) 0.22343(47) 0.1221(31) 182 ± 11 274+376
−152

SLD + MZ , ΓZ , mt 0.23064(28) 0.22228(54) 0.1182(47) 172.7 ± 0.5 38+ 30
− 21

A
(b,c)

FB
, MZ , ΓZ , mt 0.23190(29) 0.22503(69) 0.1278(50) 172.7 ± 0.5 348+187

−124

MW,Z , ΓW,Z , mt 0.23103(12) 0.22302(25) 0.1192(42) 172.7 ± 0.5 84+ 22
− 19

low energy + MH,Z 0.23176(94) 0.2254(35) 0.1185(19) 156 ± 29 125
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10. Electroweak model and constraints on new physics 193

Table 10.8: Values of the model-independent neutral-current
parameters, compared with the SM predictions. There is a second
gνe
LV,LA solution, given approximately by gνe

LV ↔ gνe
LA, which is

eliminated by e+e− data under the assumption that the neutral
current is dominated by the exchange of a single Z boson. In the
SM predictions, the parametric uncertainties from MZ , MH , mt, mb,
mc, α̂(MZ), and αs are negligible.

Quantity Experimental Value Standard Model Correlation

gνe
LV −0.040± 0.015 −0.0398 −0.05

gνe
LA −0.507± 0.014 −0.5063

geu
AV + 2 ged

AV 0.4914± 0.0031 0.4950 −0.88 0.19

2 geu
AV − ged

AV −0.7148± 0.0068 −0.7194 −0.22

2 geu
V A − ged

V A −0.13 ± 0.06 −0.0954

gee
V A 0.0190± 0.0027 0.0226

The masses and decay properties of the electroweak bosons and low
energy data can be used to search for and set limits on deviations from
the SM.

-1.5 -1.0 -0.5 0 0.5 1.0 1.5

S

-1.0

-0.5

0

0.5

1.0

T

ΓZ, σhad, Rl, Rq

asymmetries

e & ν scattering

MW

APV

all (90% CL)

SM prediction

Figure 10.6: 1 σ constraints (39.35% for the closed contours and
68% for the others) on S and T (for U = 0) from various inputs
combined with MZ . S and T represent the contributions of new
physics only. Data sets not involving MW or ΓW are insensitive to
U . With the exception of the fit to all data, we fix αs = 0.1187. The
black dot indicates the Standard Model values S = T = 0.
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11. Status of Higgs Boson Physics

Revised August 2018 by M. Carena (Fermi National Accelerator
Laboratory and the University of Chicago), C. Grojean (DESY, Hamburg,
and Humboldt University, Berlin), M. Kado (Laboratoire de l’Accélérateur
Linéaire, Orsay), and V. Sharma (University of California, San Diego).

The discovery in 2012 by the ATLAS and the CMS collaborations
of the Higgs boson was a major milestone as well as an extraordinary
success of the LHC machine and the ATLAS and CMS experiments
and an important step in the understanding of the mechanism that
breaks the electroweak symmetry and generates of the masses of the
known elementary particles. However, many theoretical questions remain
unanswered and new conundrums about what lies behind the Higgs boson
and beyond the Standard Model have come fore.

Since 2012 substantial progress has been made, yielding an increasingly
precise profile of the properties of the Higgs boson, all being consistent
with the Standard Model. And the Higgs boson has turned into a new
tool to explore the manifestations of the SM and to probe the physics
landscape beyond it.
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r(� ! ��) = (0:227 � 0:011)% r(� ! Z�) = (0:153 � 0:013)%

r(� ! ���) = (2:18 � 0:12) � 10��

r(� ! WW) = (21:4 � 0:8)%

� = 4:07 � 0:16Me�

��o�(�) = 55:1 � 2:4 pb

Figure: Main Leading Order Feynman diagrams contributing to the Higgs
production at the LHC. The theoretical predictions for the production
cross sections are also indicated at a centre-of-mass energy of 13TeV
assuming a Higgs boson mass of 125GeV. The dominant decay modes are
also reported.
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Table: ATLAS (A) and CMS (C) measurements and limits. Rare modes
results are reported as limits indicated in the column corresponding to
the primary production mode, secondary production modes which are
used in the analyses are indicated as “Incl.”. Limits on invisible decays
of the Higgs boson, indicated as “Inv.”, are set on the invisible branching
fraction. Limits are at 95% confidence level, the expected sensitivity is
indicated in parentheses.

Decay mode ggH VBF VH ttH

γγ (A) 0.81 ± 0.18 2.0 ± 0.6 0.7 ± 0.8 1.4 ± 0.4

γγ (C) 1.10 ± 0.19 0.8 ± 0.6 2.4 ± 1.1 2.3 ± 0.8

4ℓ (A) 1.04 ± 0.17 2.8 ± 0.95 0.9 ± 1.0 < 1.8 68% CL

4ℓ (C) 1.20 ± 0.22 0.05 ± 0.04 0.0 ± 1.5 < 1.3 68% CL

WW ∗ (A) 1.21 ± 0.22 0.62 ± 0.36 3.2 ± 4.3 1.50 ± 0.61

WW ∗ (C) 1.38 ± 0.23 0.29 ± 0.48 3.27 ± 1.84 1.97 ± 0.67

τ+τ− (A) 1.14 ± 0.44 0.98 ± 0.46 2.3 ± 1.6 1.36 ± 1.11

τ+τ− (C) 1.2 ± 0.5 1.11 ± 0.34 −0.33 ± 1.02 0.28 ± 1.02

bb (A) – −3.9 ± 2.8 0.9 ± 0.27 0.83 ± 0.63

bb (C) 2.3 ± 1.66 2.8 ± 1.5 1.2 ± 0.4 0.82 ± 0.43

µ+µ− (A) < 3.0 (3.1) Incl. – –

µ+µ− (C) < 2.6 (1.9) – – –

Zγ (A) < 6.6 (5.2) Incl. – –

Zγ, γ∗γ (C) < 3.9 (2.9) Incl. Incl. –

Inv. (A) – <28% (31%) <67% (39%) –

Inv. (C) Incl. <24% (23%) –

The ATLAS and CMS experiments have made combined measurement
of the mass of the Higgs boson in the diphoton and the four-lepton
channels at per mille precision, mH = 125.09 ± 0.24GeV. The quantum
numbers of the Higgs boson have been probed in greater detail and show
an excellent consistency with the JPC = 0++ hypothesis.

The coupling structure of the Higgs boson has been studied in a large
number of channels, in the main production mechanisms at the LHC which
are illustrated in the Figure. The Table summarises the ATLAS and CMS
measurements and limits on the cross sections times branching fractions,
normalised to their SM expectations in the main Higgs analysis channels.
Further information on the couplings of the Higgs boson are also obtained
from differential cross sections and searches for rare and exotic production
and decay modes, including invisible decays.

All measurements are consistent with the SM predictions and provide
stringent constraints on a large number of scenarios of new physics.

The review discusses in detail the latest developments in theories
extending the SM to solve the fundamental questions raised by the
existence of the Higgs boson.
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12. CKM Quark-Mixing Matrix

Revised January 2018 by A. Ceccucci (CERN), Z. Ligeti (LBNL), and
Y. Sakai (KEK).

Highlights from full review.

VCKM ≡ V u
L V d

L
† =





Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb



. (12.2)

This Cabibbo-Kobayashi-Maskawa (CKM) matrix [1,2] is a 3 × 3 unitary
matrix. It can be parameterized [3] by three mixing angles and the
CP -violating KM phase [2].

Using the Wolfenstein parameterization with λ < 1 we define [4–6]

λ =
|Vus|

√

|Vud|
2 + |Vus|

2
, Aλ2 = λ

∣

∣

∣

∣

Vcb

Vus

∣

∣

∣

∣

,

V ∗

ub = Aλ3(ρ + iη) =
Aλ3(ρ̄ + iη̄)

√

1 − A2λ4

√

1 − λ2[1 − A2λ4(ρ̄ + iη̄)]
. (12.4)

These ensure that ρ̄ + iη̄ = −(VudV ∗

ub)/(VcdV ∗

cb) is phase convention
independent, and the CKM matrix written in terms of λ, A, ρ̄, and η̄ is
unitary to all orders in λ. To O(λ4)

VCKM =





1 − λ2/2 λ Aλ3(ρ − iη)
−λ 1 − λ2/2 Aλ2

Aλ3(1 − ρ − iη) −Aλ2 1



 + O(λ4) . (12.5)

Figure 12.1: Sketch of the unitarity triangle.

The unitarity implies
∑

i VijV
∗

ik = δjk and
∑

j VijV
∗

kj = δik. The six

vanishing combinations can be represented as triangles in a complex
plane. The areas of all triangles are the same and are half of the Jarlskog
invariant, J [7], which is a phase-convention-independent measure of CP
violation, defined by Im

[

VijVklV
∗

il V
∗

kj

]

= J
∑

m,n εikmεjln.

The most commonly used unitarity triangle arises from

Vud V ∗

ub + Vcd V ∗

cb + Vtd V ∗

tb = 0 , (12.6)

by dividing each side by the best-known one, VcdV
∗

cb
(see Fig. 12.1).
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Independently measured CKM elements and angles are

VCKM =





0.97420± 0.00021 0.2243± 0.0005 0.00394± 0.00036
0.218 ± 0.004 0.997± 0.017 0.0422± 0.0008

0.0081± 0.0005 0.0394± 0.0023 1.019± 0.025



,

sin(2β) = 0.691± 0.017, α = (84.5+5.9
−5.2)

◦, γ = (73.5+4.2
−5.1)

◦ .

Using those values we can check the unitarity of the CKM matrix:
|Vud|

2+ |Vus|
2+ |Vub|

2 = 0.9994±0.0005 (1st row), |Vcd|
2+ |Vcs|

2+ |Vcb|
2 =

1.043 ± 0.034 (2nd row), |Vud|
2 + |Vcd|

2 + |Vtd|
2 = 0.9967 ± 0.0018 (1st

column), and |Vus|
2 + |Vcs|

2 + |Vts|
2 = 1.046 ± 0.034 (2nd column).

12.4. Global fit in the Standard Model

A global fit with three generation unitarity constraints gives

λ = 0.22453± 0.00044 , A = 0.836 ± 0.015 ,

ρ̄ = 0.122+0.018
−0.017 , η̄ = 0.355+0.012

−0.011 , (12.26)

VCKM =





0.97446± 0.00010 0.22452± 0.00044 0.00365± 0.00012
0.22438± 0.00044 0.97359+0.00010

−0.00011 0.04214± 0.00076

0.00896+0.00024
−0.00023 0.04133± 0.00074 0.999105± 0.000032



,

(12.27)
and the Jarlskog invariant of J = (3.18 ± 0.15) × 10−5.

γ
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α
α
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Figure 12.2: Constraints on the ρ̄, η̄ plane from various measure-
ments and the global fit result. The shaded 95% CL regions all
overlap consistently around the global fit region.
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13. CP Violation in the Quark Sector

Revised August 2017 by T. Gershon (University of Warwick) and Y. Nir
(Weizmann Institute).

Within the Standard Model, CP symmetry is broken by complex
phases in the Yukawa couplings (that is, the couplings of the Higgs
scalar to quarks). When all manipulations to remove unphysical phases
in this model are exhausted, one finds that there is a single CP -violating
parameter [17]. In the basis of mass eigenstates, this single phase appears
in the 3 × 3 unitary matrix that gives the W -boson couplings to an
up-type antiquark and a down-type quark. The beautifully consistent and
economical Standard-Model description of CP violation in terms of Yukawa
couplings, known as the Kobayashi-Maskawa (KM) mechanism [17], agrees
with all measurements to date. (Pending verification, we do not discuss
here a few measurements which are in tension with the predictions.)
Furthermore, one can fit the data allowing new physics contributions to
loop processes to compete with, or even dominate over, the Standard
Model amplitudes [18,19]. Such analyses provide model-independent
proof that the KM phase is different from zero, and that the matrix of
three-generation quark mixing is the dominant source of CP violation in
meson decays.

The current level of experimental accuracy and the theoretical
uncertainties involved in the interpretation of the various observations
leave room, however, for additional subdominant sources of CP violation
from new physics. Indeed, almost all extensions of the Standard Model
imply that there are such additional sources. Moreover, CP violation
is a necessary condition for baryogenesis, the process of dynamically
generating the matter-antimatter asymmetry of the Universe [20].
Despite the phenomenological success of the KM mechanism, it fails (by
several orders of magnitude) to accommodate the observed asymmetry [21].
This discrepancy strongly suggests that Nature provides additional sources
of CP violation beyond the KM mechanism. The expectation of new
sources motivates the large ongoing experimental effort to find deviations
from the predictions of the KM mechanism.

Using the notation M0 to represent generically one of the K0, D0, B0

or B0
s particles, we denote the state of an initially pure |M0

〉 or |M0
〉

after an elapsed proper time t as |M0
phys(t)〉 or |M0

phys(t)〉, respectively.

Defining x ≡ ∆m/Γ and y ≡ ∆Γ/(2Γ), where ∆m and ∆Γ are the
mass and width differences between the two eigenstates of the effective
Hamiltonian, |ML〉 ∝ p |M0

〉+ q |M0
〉 and |MH〉 ∝ p |M0

〉− q |M0
〉, and

Γ is their average width, one obtains the following time-dependent rates
for decay to a final state f :

1

e−Γt
Nf

dΓ
[

M0
phys(t) → f

]

/dt =

|Af |
2
{(

1 + |λf |
2
)

cosh(yΓt) +
(

1 − |λf |
2
)

cos(xΓt)

+2Re(λf ) sinh(yΓt) − 2 Im(λf ) sin(xΓt)
}

,

1

e−Γt
Nf

dΓ
[

M0
phys(t) → f

]

/dt =

|(p/q)Af |
2
{(

1 + |λf |
2
)

cosh(yΓt) −
(

1 − |λf |
2
)

cos(xΓt)
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+2Re(λf ) sinh(yΓt) + 2 Im(λf ) sin(xΓt)
}

,

where Nf is a normalization factor and λf = (q/p)(Af/Af ) with Af (Af )

the amplitude for the M0 (M0) → f decay. Considering the case that f is
a CP eigenstate, we distinguish three types of CP -violating effects that
can occur in the quark sector:

I. CP violation in decay, defined by |A
f
/Af | 6= 1.

II. CP violation in mixing, defined by |q/p| 6= 1.
III. CP violation in interference between decays with and without

mixing, defined by arg(λf ) 6= 0.

It is also common to refer to indirect CP violation effects, which are
consistent with originating from a single CP violating phase in neutral
meson mixing, and direct CP violation effects, which cannot be explained
in this way. CP violation in mixing (type II) is indirect; CP violation in
decay (type I) is direct.

Many CP violating observables have been studied by experiments.
Here we summarise only a sample of the most important measurements,
including some parameters defined using common notation for the
asymmetry between B0

phys(t) and B0
phys(t) time-dependent decay rates

Af (t) = Sf sin(∆mt) − Cf cos(∆mt) ,

where Sf ≡ 2 Im(λf )/
(

1 +
∣

∣λf

∣

∣

2
)

, Cf ≡

(

1 −

∣

∣λf

∣

∣

2
)

/
(

1 +
∣

∣λf

∣

∣

2
)

.

• Indirect CP violation in K → ππ and K → πℓν decays, given by

|ǫ| = (2.228 ± 0.011)× 10−3 .

• Direct CP violation in K → ππ decays, given by

Re(ǫ′/ǫ) = (1.65 ± 0.26) × 10−3 .

• As yet, there is no significant signal of any category of CP violation
in the properties and decays of charm hadrons.

• CP violation in the interference of mixing and decay in the
tree-dominated b → cc̄s transitions, such as B0

→ ψKS , given by

SψK0 = +0.691± 0.017 .

Within the Standard Model, this result can be interpreted with low
theoretical uncertainty as measurement of sin(2β), where β is an
angle of the unitarity triangle.

• The CP violation parameters in the B0
→ π+π− mode,

Sπ+π− = −0.68 ± 0.04 , Cπ+π− = −0.27 ± 0.04 .

Together with measurements of other B → ππ and similar decays,
these result can be used to obtain constraints on the angle α of the
unitarity triangle.

• Direct CP violation in B+
→ DK+ decays, where D+ and DK−π+

represent that the D meson is reconstructed in a CP -even and the
suppressed K−π+ final state respectively,

AB+→D+K+ = +0.129± 0.012 , AB+→D
K−π+K+ = −0.41 ± 0.06 .

Together with measurements of other B → DK and similar decays,
these result can be used to obtain constraints on the angle γ of the
unitarity triangle.
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14. Neutrino Masses, Mixing, and Oscillations

Updated November 2017 by K. Nakamura (Kavli IPMU (WPI), U. Tokyo,
KEK), and S.T. Petcov (SISSA/INFN Trieste, Kavli IPMU (WPI), U.
Tokyo, Bulgarian Academy of Sciences).

Highlights from full review.

All existing compelling data on neutrino oscillations can be described
assuming 3-flavour neutrino mixing in vacuum. The (left-handed) fields
of the flavour neutrinos νe, νµ and ντ in the expression for the weak
charged lepton current in the CC weak interaction Lagrangian, are linear
combinations of the LH components of the fields of three massive neutrinos
νj :

LCC = −

g
√

2

∑

l=e,µ,τ

lL(x) γα νlL(x)Wα†(x) + h.c. ,

νlL(x) =

3
∑

j=1

Ulj νjL(x), (14.5)

where U is the 3 × 3 unitary neutrino mixing matrix [4,5]. The mixing
matrix U can be parameterized by 3 angles, and, depending on whether
the massive neutrinos νj are Dirac or Majorana particles, by 1 or 3 CP
violation phases [54,55]:

U =





c12c13 s12c13 s13e
−iδ

−s12c23 − c12s23s13e
iδ c12c23 − s12s23s13e

iδ s23c13
s12s23 − c12c23s13e

iδ
−c12s23 − s12c23s13e

iδ c23c13





× diag(1, ei
α21
2 , ei

α31
2 ) . (14.6)

where cij = cos θij , sij = sin θij , the angles θij = [0, π/2], δ = [0, 2π) is
the Dirac CP violation phase and α21, α31 are two Majorana CP violation
(CPV) phases. Thus, in the case of massive Dirac neutrinos, the neutrino
mixing matrix U is similar, in what concerns the number of mixing angles
and CPV phases, to the CKM quark mixing matrix.

As we see, the fundamental parameters characterizing the 3-neutrino
mixing are: i) the 3 angles θ12, θ23, θ13, ii) depending on the nature of
massive neutrinos νj - 1 Dirac (δ), or 1 Dirac + 2 Majorana (δ, α21, α31),
CPV phases, and iii) the 3 neutrino masses, m1, m2, m3.

The neutrino oscillation probabilities depend in general, on the neutrino
energy, E, the source-detector distance L, on the elements of U and, for
relativistic neutrinos used in all neutrino experiments performed so far,
on ∆m2

ij ≡ (m2
i − m2

j ), i 6= j. In the case of 3-neutrino mixing there are

only two independent neutrino mass squared differences, say ∆m2
21

6= 0

and ∆m2
31

6= 0. The numbering of massive neutrinos νj is arbitrary. It
proves convenient from the point of view of relating the mixing angles θ12,
θ23 and θ13 to observables, to identify |∆m2

21
| with the smaller of the two

neutrino mass squared differences, which, as it follows from the data, is
responsible for the solar νe and, the observed by KamLAND, reactor ν̄e

oscillations.

The existing data do not allow one to determine the sign of ∆m2
31(32)

.

In the case of 3-neutrino mixing, the two possible signs of ∆m2
31(32)

correspond to two types of neutrino mass spectrum.

For the neutrino oscillation parameters values, see the Summary Table
section in the Particle Listings.
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Future progress

After the spectacular experimental progress made in the studies of
neutrino oscillations, further understanding of the pattern of neutrino
masses and neutrino mixing, of their origins and of the status of CP
symmetry in the lepton sector requires an extensive and challenging
program of research. The main goals of such a research program include:

• Determining the nature - Dirac or Majorana, of massive neutrinos
νj . This is of fundamental importance for making progress in our
understanding of the origin of neutrino masses and mixing and of the
symmetries governing the lepton sector of particle interactions.

• Determination of the sign of ∆m2
31

(or ∆m2
32

), i.e., the “neutrino
mass ordering”, or of the type of spectrum neutrino masses obey.

• Determining, or obtaining significant constraints on, the absolute scale
of neutrino masses. This, in particular, would help obtain information
about the detailed structure (hierarchical, quasidegenerate, etc.) of
the neutrino mass spectrum.

• Determining the status of CP symmetry in the lepton sector.

• High precision measurement of θ13, ∆m2
21

, θ12, |∆m2
31
| and θ23.

• Understanding at a fundamental level the mechanism giving rise
to neutrino masses and mixing and to Ll−non-conservation. This
includes understanding the origin of the patterns of ν-mixing and
ν-masses suggested by the data. Are the observed patterns of ν-
mixing and of ∆m2

21,31 related to the existence of a new fundamental

symmetry of particle interactions? Is there any relation between
quark mixing and neutrino mixing? What is the physical origin of
CP violation phases in the neutrino mixing matrix U? Is there any
relation (correlation) between the (values of) CP violation phases and
mixing angles in U? Progress in the theory of neutrino mixing might
also lead to a better understanding of the mechanism of generation of
baryon asymmetry of the Universe.

The high precision measurement of the value of sin2 2θ13 from the
Daya Bay experiment and the subsequent results on θ13 obtained by
the RENO, Double Chooz and T2K collaborations (see Section 14.12),
have far reaching implications. The measured relatively large value of θ13

opened up the possibilities, in particular,

i) for searching for CP violation effects in neutrino oscillation
experiments with high intensity accelerator neutrino beams, like T2K,
NOνA, etc.

ii) for determining the sign of ∆m2
32, and thus the type of neutrino

mass spectrum (“neutrino mass ordering”) in the long baseline neutrino
oscillation experiments at accelerators (NOνA, etc.), in the experiments
studying the oscillations of atmospheric neutrinos (PINGU [82],
ORCA [83,84], Hyper-Kamiokande [200], INO [85]) , as well as in
experiments with reactor antineutrinos [86–91].

There are also long term plans extending beyond 2025 for searches for
CP violation and neutrino mass spectrum (ordering) determination in
long baseline neutrino oscillation experiments with accelerator neutrino
beams (see, e.g., Refs. [93,94]) . The successful realization of this
research program would be a formidable task and would require many
years of extraordinary experimental efforts aided by intensive theoretical
investigations and remarkable investments.
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15. Quark Model

Revised August 2017 by C. Amsler (Stefan Meyer Institute for Subatomic
Physics, Vienna), T. DeGrand (University of Colorado, Boulder), and B.
Krusche (University of Basel).

The quarks are strongly interaction spin-1/2 fermions, whose parity
is positive by convention. The charges of the u , c, and t quarks are
+2/3, while those of the d, s, and b are −2/3. Their anti-quarks have the
opposite charges and parities. By convention, the s quark is said to have
negative strangeness and the c quark positive charm. The two lightest
quarks, u and d, obey to a high degree an SU(2) symmetry called isospin,
with u having Iz = 1/2 and d having Iz = −1/2. The other quarks can be
assigned zero isospin.

Quarks have baryon number B = 1/3, while anti-quarks have B = −1/3.
The mesons, which are pairs of quarks and anti-quarks, have B = 0 and
can be characterized by their intrinsic spin s, orbital angular momentum ℓ,
and total spin J , lying between |ℓ−s| and ℓ+s. The charge conjugation,or
C, of meson is (−1)ℓ+s while its parity is (−1)ℓ+1. G-parity combines the
charge-conjugation and isospin symmetries: G = Ce−iπIy . Mesons made
of a quark and its antiquark are G-parity eigenstates with G = (−1)I+ℓ+s.

The three lightest quarks, u, d, and s, respect an approximate
symmetry, flavor SU(3), with quarks belonging to the 3 representation and
anti-quarks to the 3 representation. The quark-anti-quark states made
from u, d, and s can be classified according to

3⊗ 3 = 8⊕ 1. (15.2)

A fourth quark such as charm c can be included by extending SU(3)
to SU(4). However, SU(4) is badly broken owing to the much heavier c
quark. Nevertheless, in an SU(4) classification, the sixteen mesons are
grouped into a 15-plet and a singlet:

4 ⊗ 4 = 15⊕ 1. (15.3)

Baryons are made of three quarks (aside from a five-quark state recently
observed at the LHC), allowing for more complex possibilities. The flavor
SU(3) content of baryons made of u, d, and s is governed by

3⊗ 3⊗ 3 = 10⊕ 8 ⊕ 8⊕ 1. (15.23)

The intrinsic spin of the three quarks yields either s = 1/2 or s = 3/2.
The proton and neutron are members of an octet, while the spin-3/2 ∆++

is a member of a decuplet.

The strong interactions are described by the color SU(3) gauge theory,
with each quark coming in three “colors.” The color triplets interact
through a color octet of gluons, gauge vector bosons. These are responsible
for the formation of the bound states, mesons and baryons.
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21. Big-Bang Cosmology

Revised September 2017 by K.A. Olive (University of Minnesota) and
J.A. Peacock (University of Edinburgh).

21.1.1. The Robertson-Walker Universe :

The observed homogeneity and isotropy enable us to write the most
general expression for a space-time metric which has a (3D) maximally
symmetric subspace of a 4D space-time, known as the Robertson-Walker
metric:

ds2 = dt2 − R2(t)

[

dr2

1 − kr2
+ r2 (dθ2 + sin2 θ dφ2)

]

. (21.1)

Note that we adopt c = 1 throughout. By rescaling the radial coordinate,
we can choose the curvature constant k to take only the discrete values
+1, −1, or 0 corresponding to closed, open, or spatially flat geometries.

21.1.3. The Friedmann equations of motion :
The cosmological equations of motion are derived from Einstein’s

equations
Rµν −

1
2gµνR = 8πGNTµν + Λgµν . (21.6)

It is common to assume that the matter content of the Universe is a
perfect fluid, for which

Tµν = −pgµν + (p + ρ)uµuν , (21.7)

where gµν is the space-time metric described by Eq. (21.1), p is the
isotropic pressure, ρ is the energy density and u = (1, 0, 0, 0) is the velocity
vector for the isotropic fluid in co-moving coordinates. With the perfect
fluid source, Einstein’s equations lead to the Friedmann equations

H2
≡

(

Ṙ

R

)2

=
8π GN ρ

3
−

k

R2
+

Λ

3
, (21.8)

and

R̈

R
=

Λ

3
−

4πGN

3
(ρ + 3p) , (21.9)

where H(t) is the Hubble parameter and Λ is the cosmological constant.
The first of these is sometimes called the Friedmann equation. Energy
conservation via T µν

;µ = 0, leads to a third useful equation

ρ̇ = −3H (ρ + p) . (21.10)

Eq. (21.10) can also be simply derived as a consequence of the first law of
thermodynamics.

21.1.5. Standard Model solutions :

Let us first assume a general equation of state parameter for a single
component, w = p/ρ which is constant. In this case, Eq. (21.10) can be

written as ρ̇ = −3(1 + w)ρṘ/R and is easily integrated to yield

ρ ∝ R−3(1+w) . (21.16)

Curvature domination occurs at rather late times (if a cosmological
constant term does not dominate sooner). For w 6= −1,

R(t) ∝ t2/[3(1+w)] . (21.17)
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21.1.5.2. A Radiation-dominated Universe:

In the early hot and dense Universe, it is appropriate to assume an
equation of state corresponding to a gas of radiation (or relativistic
particles) for which w = 1/3. In this case, Eq. (21.16) becomes ρ ∝ R−4.
Similarly, one can substitute w = 1/3 into Eq. (21.17) to obtain

R(t) ∝ t1/2 ; H = 1/2t . (21.18)

21.1.5.3. A Matter-dominated Universe:

Non-relativistic matter eventually dominates the energy density over
radiation. A pressureless gas (w = 0) leads to the expected dependence
ρ ∝ R−3, and, if k = 0, we get

R(t) ∝ t2/3 ; H = 2/3t . (21.19)

21.1.5.4. A Universe dominated by vacuum energy:

If there is a dominant source of vacuum energy, acting as a cosmological
constant with equation of state w = −1. This leads to an exponential
expansion of the Universe:

R(t) ∝ e
√

Λ/3 t . (21.20)

21.3. The Hot Thermal Universe

21.3.2. Radiation content of the Early Universe :
At the very high temperatures associated with the early Universe,

massive particles are pair produced, and are part of the thermal bath.
If for a given particle species i we have T ≫ mi, then we can neglect
the mass and the thermodynamic quantities are easily computed. In
general, we can approximate the energy density (at high temperatures) by
including only those particles with mi ≪ T . In this case, we have

ρ =

(

∑

B

gB +
7

8

∑

F

gF

)

π2

30
T 4

≡

π2

30
N(T )T 4 , (21.42)

where gB(F) is the number of degrees of freedom of each boson (fermion)
and the sum runs over all boson and fermion states with m ≪ T .
Eq. (21.42) defines the effective number of degrees of freedom, N(T ), by
taking into account new particle degrees of freedom as the temperature is
raised.

The value of N(T ) at any given temperature depends on the particle
physics model. In the standard SU(3)×SU(2)×U(1) model, we can specify
N(T ) up to temperatures of O(100) GeV. The change in N (ignoring mass
effects) can be seen in the table below. At higher temperatures, N(T ) will
be model-dependent.

In the radiation-dominated epoch, Eq. (21.10) can be integrated
(neglecting the T -dependence of N) giving us a relationship between the
age of the Universe and its temperature

t =

(

90

32π3GNN(T )

)1/2

T−2 . (21.43)

Put into a more convenient form

t T 2
MeV = 2.4[N(T )]−1/2 , (21.44)

where t is measured in seconds and TMeV in units of MeV.

Further discussion and all references may be found in the full Review of
Particle Physics . The numbering of references and equations used here
corresponds to that version.
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26. Dark Matter

Revised Sept. 2017 by M. Drees (Bonn), G. Gerbier (Queen’s, Canada).

Highlights from full review.
WIMPs should be gravitationally trapped inside galaxies and should

have the adequate density profile to account for the observed rotational
curves. These two constraints determine the main features of experimental
detection of WIMPs. WIMPs interact with ordinary matter through
elastic scattering on nuclei. With expected WIMP masses in the range 10
GeV to 10 TeV, typical nuclear recoil energies are of order of 1 to 100 keV.

Figure 26.1: WIMP cross sections for spin-independent coupling
versus mass. The DAMA/LIBRA and CDMS-Si enclosed areas are
regions of interest from possible signal events. The yellow area shows
a scan of the parameter space of 4 typical SUSY models.
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28. Cosmic Microwave Background

Revised August 2017 by D. Scott (University of British Columbia) and
G.F. Smoot (UCB/LBNL).

28.2. CMB Spectrum

It is well known that the spectrum of the microwave background is very
precisely that of blackbody radiation, whose temperature evolves with
redshift as T (z) = T0(1 + z) in an expanding universe.

28.3. Description of CMB Anisotropies

Observations show that the CMB contains temperature anisotropies
at the 10−5 level and polarization anisotropies at the 10−6 (and lower)
level, over a wide range of angular scales. These anisotropies are usually
expressed by using a spherical harmonic expansion of the CMB sky:

T (θ, φ) =
∑

ℓm

aℓmYℓm(θ, φ)

(with the linear polarization pattern written in a similar way using
the so-called spin-2 spherical harmonics). Increasing angular resolution
requires that the expansion goes to higher and higher multipoles. Because
there are only very weak phase correlations seen in the CMB sky and since
we notice no preferred direction, the vast majority of the cosmological
information is contained in the temperature 2-point function, i.e., the
variance as a function only of angular separation. Equivalently, the power
per unit ln ℓ is ℓ

∑

m |aℓm|
2 /4π.

28.3.1. The Monopole :
The CMB has a mean temperature of Tγ = 2.7255± 0.0006 K (1σ) [21],

which can be considered as the monopole component of CMB maps,
a00. Since all mapping experiments involve difference measurements,
they are insensitive to this average level; monopole measurements can
only be made with absolute temperature devices, such as the FIRAS
instrument on the COBE satellite [22]. The measured kTγ is equivalent to

0.234 meV or 4.60×10−10 mec
2. A blackbody of the measured temperature

has a number density nγ = (2ζ(3)/π2)T 3
γ ≃ 411 cm−3, energy density

ργ = (π2/15)T 4
γ ≃ 4.64× 10−34 g cm−3

≃ 0.260 eVcm−3, and a fraction of

the critical density Ωγ ≃ 5.38 × 10−5.

28.3.2. The Dipole :
The largest anisotropy is in the ℓ = 1 (dipole) first spherical harmonic,

with amplitude 3.3645 ± 0.0020 mK [12]. The dipole is interpreted to be
the result of the Doppler boosting of the monopole caused by the solar
system motion relative to the nearly isotropic blackbody field, as broadly
confirmed by measurements of the radial velocities of local galaxies
(e.g., Ref. [23]).

28.3.3. Higher-Order Multipoles :
The variations in the CMB temperature maps at higher multipoles

(ℓ ≥ 2) are interpreted as being mostly the result of perturbations in the
density of the early Universe, manifesting themselves at the epoch of the
last scattering of the CMB photons.
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Figure 28.1: Theoretical CMB anisotropy power spectra, using
the best-fitting ΛCDM model from Planck, calculated using CAMB.
The panel on the left shows the theoretical expectation for scalar
perturbations, while the panel on the right is for tensor perturbations,
with an amplitude set to r = 0.1 for illustration.

Figure 28.2: CMB temperature anisotropy band-power estimates
from the Planck, WMAP, ACT, and SPT experiments. The acoustic
peaks and damping region are very clearly observed, with no need
for a theoretical curve to guide the eye; however, the curve plotted is
the best-fit Planck ΛCDM model.
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29. Cosmic Rays

Revised October 2017 by J.J. Beatty (Ohio State Univ.), J. Matthews
(Louisiana State Univ.), and S.P. Wakely (Univ. of Chicago).

Cosmic ray spectra are expressed in terms of differential intensity I
with units [m−2 s−1sr−1

E
−1], where the unit for E is chosen from energy

per nucleon, energy per nucleus, and magnetic rigidity depending on the
application.

Primary Cosmic Rays

The intensity of primary nucleons in the energy range from several GeV
to somewhat beyond 100 TeV is given approximately by

IN (E) ≈ 1.8 × 104(E/1 GeV)−α nucleons

m2 s sr GeV
(29.2)

where E is the energy-per-nucleon (including rest mass energy) and
α = 2.7 is the differential spectral index. About 74% of the primary
nucleons are free protons and about 70% of the rest are bound in helium
nuclei. At higher energies, the all-particle spectrum in terms of energy per
nucleus is used. Above a few times 1015 eV the spectrum steepens at the
‘knee’, again steepens at a ‘second knee’ near 1017 eV, and flattens at the
‘ankle’ near 1018.5 eV. Above 5 × 1019 eV the spectrum steepens rapidly
due to the onset of inelastic interactions with the cosmic microwave
background.

Secondary Cosmic Rays at Sea Level

Cosmic rays at sea level are mostly muons from air showers induced
by primary cosmic rays. The integral intensity of vertical muons above 1
GeV/c at sea level is ≈ 70 m−2 s−1sr−1. The overall angular distribution
of muons at the ground as a function of zenith angle θ is ∝ cos2 θ. This
results in a muon rate of about 1 cm−2 min−1 for a thin horizontal detector.
In addition to muons, there is a significant component of electrons and
positrons with an integral vertical intensity very approximately 30, 6,
and 0.2 m−2 s−1sr−1 above 10, 100, and 1000 MeV respectively, with a
complicated angular dependence. The integral intensity of vertical protons
above 1 GeV/c at sea level is ≈ 0.9 m−2 sr−1, accompanied by neutrons
at about 1/3 of the proton flux.

Particles in the Atmosphere and Underground

At altitudes h between 1 and 6 km above sea level the vertical flux
of particles with E > 1 GeV is dominated by muons with a flux of
≈ 100 m−2s−1sr−1

× (h/km)0.42.

The underground charged particle flux is predominantly muons. For ice
or water at depth d > 1 km the vertical flux is ≈ 2.2×10−2 m−2s−1sr−1

×

(d/km)−4.5. Below depths of ≈ 20 km w.e., most remaining muons are
produced by neutrino interactions. The upward-going vertical intensity of
muons above 2 GeV is ≈ 2 × 10−9 m−2s−1sr−1. The horizontal intensity
below 20 km w.e. is about twice the upward-going vertical intensity.

For details and references see the full Review of Particle Physics.
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30. Accelerator Physics of Colliders

Revised March 2018 by M.J. Syphers (NIU/FNAL) and F. Zimmer-
mann (CERN).

The number of events, Nexp, is the product of the cross section of interest,
σexp, and the time integral over the instantaneous luminosity, L :

Nexp = σexp ×

∫

L (t)dt. (30.1)

Today’s colliders all employ bunched beams. If two bunches containing n1

and n2 particles collide head-on with frequency fcoll, a basic expression
for the geometric luminosity is

L = fcoll

n1n2

4πσxσy
(30.2)

where σx and σy characterize the rms transverse beam sizes in the
horizontal (bending) and vertical directions.

For a beam with a Gaussian distribution in x, x′, the area containing
one standard deviation σx, divided by π, is used as the definition of
emittances:

εx ≡

σ2
x

βx
, (30.9)

with a corresponding expression in the other transverse direction, y.

Eq. (30.2) can be recast in terms of emittances and amplitude functions as

L = f
n1n2

4π
√

ǫx β∗
x ǫy β∗

y

F . (30.10)

Here, F ≤ 1 is a factor that takes into account effects such as crossing
angles, hour glass factors, pinch effects, and so on. β∗ is the value of the
amplitude function at the interaction point.

A bunch in beam 1 presents a (nonlinear) lens to a particle in beam
2 resulting in changes to the particle’s transverse tune with a range
characterized by the beam-beam parameter

ξy,2 =
( µ0

8π2

) q1q2n1β
∗
y,2

mA,2γ2σ
∗
y,1(σ

∗
x,1 + σ∗

y,1)
(30.11)

where q1 (q2) denotes the particle charge of beam 1 (2) in units of the
elementary charge, mA,2 the mass of beam-2 particles, and µ0 the vacuum
permeability.

Eq. (30.2) for linear colliders can be written as:

L ≈

137

8πre

Pwall

Ecm

η

σ∗
y

Nγ HD . (30.12)

Here, Pwall is the total wall-plug power of the collider, η ≡ Pb/Pwall the
efficiency of converting wall-plug power into beam power Pb = fcollnEcm,
Ecm the cms energy, n (= n1 = n2) the bunch population, and σ∗

y the
vertical rms beam size at the collision point. In formulating Eq. (30.12)
the number of beamstrahlung photons emitted per e±, was approximated
as Nγ ≈ 2αren/σ∗

x, where α ≈ 1/137 denotes the fine-structure constant.
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33. Passage of Particles Through Matter

Revised August 2015 by H. Bichsel (University of Washington), D.E.
Groom (LBNL), and S.R. Klein (LBNL).

This review covers the interactions of photons and electrically charged
particles in matter, concentrating on energies of interest for high-energy
physics and astrophysics and processes of interest for particle detectors.

Table 33.1: Summary of variables used in this section. The
kinematic variables β and γ have their usual relativistic meanings.

Symbol Definition Value or (usual) units

mec
2 electron mass × c2 0.510 998 9461(31) MeV

re classical electron radius

e2/4πǫ0mec
2 2.817 940 3227(19) fm

α fine structure constant

e2/4πǫ0~c 1/137.035 999 139(31)

NA Avogadro’s number 6.022 140 857(74)× 1023 mol−1

ρ density g cm−3

x mass per unit area g cm−2

M incident particle mass MeV/c2

E incident part. energy γMc2 MeV

T kinetic energy, (γ − 1)Mc2 MeV

W energy transfer to an electron MeV

in a single collision

k bremsstrahlung photon energy MeV

z charge number of incident particle

Z atomic number of absorber

A atomic mass of absorber g mol−1

K 4πNAr2
emec

2 0.307 075 MeV mol−1 cm2

(Coefficient for dE/dx)

I mean excitation energy eV (Nota bene!)

δ(βγ) density effect correction to ionization energy loss

~ωp plasma energy
√

ρ 〈Z/A〉 × 28.816 eV
√

4πNer3
e mec

2/α |
−→ ρ in g cm−3

Ne electron density (units of re)
−3

wj weight fraction of the jth element in a compound or mixture

nj ∝ number of jth kind of atoms in a compound or mixture

X0 radiation length g cm−2

Ec critical energy for electrons MeV

Eµc critical energy for muons GeV

Es scale energy
√

4π/α mec
2 21.2052 MeV

RM Molière radius g cm−2
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33. Passage of particles through matter 213

33.2. Electronic energy loss by heavy particles [1–33]
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Figure 33.1: Mass stopping power (= 〈−dE/dx〉) for positive
muons in copper as a function of βγ = p/Mc over nine orders of
magnitude in momentum (12 orders of magnitude in kinetic energy).
Vertical bands indicate boundaries between different approximations
discussed in the text.

33.2.2. Maximum energy transfer in a single collision :

For a particle with mass M ,

Wmax =
2mec

2 β2γ2

1 + 2γme/M + (me/M)2
. (33.4)

33.2.3. Stopping power at intermediate energies :

The mean rate of energy loss by moderately relativistic charged heavy
particles is well-described by the “Bethe equation,”

〈

−

dE

dx

〉

= Kz2Z

A

1

β2

[

1

2
ln

2mec
2β2γ2Wmax

I2
− β2

−

δ(βγ)

2

]

. (33.5)

This is the mass stopping power ; with the symbol definitions and values
given in Table 33.1, the units are MeV g−1cm2. 〈−dE/dx〉 defined in this
way is about the same for most materials, decreasing slowly with Z. The
linear stopping power, in MeV/cm, is 〈−dE/dx〉 ρ, where ρ is the density
in g/cm3.

As the particle energy increases, its electric field flattens and extends,
so that the distant-collision contribution to Eq. (33.5) increases as ln βγ.
However, real media become polarized, limiting the field extension and
effectively truncating this part of the logarithmic rise. Parameterization of
the density effect term δ(βγ) in Eq. (33.5) is discussed in the full Review .

Few concepts in high-energy physics are as misused as 〈dE/dx〉. The
mean is weighted by very rare events with large single-collision energy
deposits. Even with samples of hundreds of events a dependable value
for the mean energy loss cannot be obtained. Far better and more easily
measured is the most probable energy loss, discussed below.

Although it must be used with cautions and caveats, 〈dE/dx〉 as
described in Eq. (33.5) still forms the basis of much of our understanding
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214 33. Passage of particles through matter

of energy loss by charged particles. Extensive tables are available
[pdg.lbl.gov/AtomicNuclearProperties/].

Eq. (33.5) may be integrated to find the total (or partial) “continuous
slowing-down approximation” (CSDA) range R. Since dE/dx depends
(nearly) only on β, R/M is a function of E/M or pc/M .

33.2.9. Fluctuations in energy loss :

For detectors of moderate thickness x (e.g. scintillators or LAr cells),
the energy loss probability distribution f(∆; βγ, x) is adequately described
by the highly-skewed Landau (or Landau-Vavilov) distribution [24,25].
The most probable energy loss

∆p = ξ

[

ln
2mc2β2γ2

I
+ ln

ξ

I
+ j − β2

− δ(βγ)

]

, (33.11)

where ξ = (K/2) 〈Z/A〉 z2(x/β2) MeV for a detector with a thickness x
in g cm−2, and j = 0.200 [26]. While dE/dx is independent of thickness,
∆p/x scales as a ln x+ b. This most probable energy loss reaches a (Fermi)
plateau rather than continuing 〈dE/dx〉’s lograthmic rise with increasing
energy.

33.4. Photon and electron interactions in matter

At low energies electrons and positrons primarily lose energy by
ionization, although other processes (Møller scattering, Bhabha scattering,
e+ annihilation) contribute. While ionization loss rates rise logarithmically
with energy, bremsstrahlung losses rise nearly linearly (fractional loss is
nearly independent of energy), and dominates above the critical energy
(Sec. 33.4.4 below), a few tens of MeV in most materials

33.4.1. Collision energy losses by e
± :

Stopping power differs somewhat for electrons and positrons, and both
differ from stopping power for heavy particles because of the kinematics,
spin, charge, and the identity of the incident electron with the electrons
that it ionizes. Complete discussions and tables can be found in Refs. 10,
11, and 29 in the full Review.

33.4.2. Radiation length :

High-energy electrons predominantly lose energy in matter by
bremsstrahlung, and high-energy photons by e+e− pair production. The
characteristic amount of matter traversed for these related interactions is
called the radiation length X0, usually measured in g cm−2. X0 has been
calculated and tabulated by Y.S. Tsai [42]:

1

X0

= 4αr2
e

NA

A

{

Z2
[

Lrad − f(Z)
]

+ Z L′

rad

}

. (33.26)

For A = 1 g mol−1, 4αr2
eNA/A = (716.408 g cm−2)−1. Lrad and L′

rad

are tabulated in the full Review, where a 4-place approximation for f(z) is
also given.

33.4.3. Bremsstrahlung energy loss by e
± :

At very high energies and except at the high-energy tip of the
bremsstrahlung spectrum, the cross section can be approximated in the
“complete screening case” as [42]

dσ/dk = (1/k)4αr2
e

{

(4

3
−

4

3
y + y2)[Z2(Lrad − f(Z)) + Z L′

rad
]

+ 1

9
(1 − y)(Z2 + Z)

}

,
(33.29)

where y = k/E is the fraction of the electron’s energy transferred to the
radiated photon. At small y (the “infrared limit”) the term on the second
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line ranges from 1.7% (low Z) to 2.5% (high Z) of the total. If it is ignored
and the first line simplified with the definition of X0 given in Eq. (33.26),
we have

dσ

dk
=

A

X0NAk

(

4

3
−

4

3
y + y2

)

. (33.30)

33.4.4. Critical energy :

An electron loses energy by bremsstrahlung at a rate nearly proportional
to its energy, while the ionization loss rate varies only logarithmically
with the electron energy. The critical energy Ec is sometimes defined as
the energy at which the two loss rates are equal [49]. Among alternate
definitions is that of Rossi [2], who defines the critical energy as the
energy at which the ionization loss per radiation length is equal to the
electron energy. Equivalently, it is the same as the first definition with
the approximation |dE/dx|brems ≈ E/X0. This form has been found to
describe transverse electromagnetic shower development more accurately.

Values of Ec for electrons can be reasonaby well described by
(610 MeV)/(Z + 1.24) for solids and (710 MeV)/(Z + 0.92) for gases. Ec

for both electrons and positrons in more than 350 materials can be found
at pdg.lbl.gov/AtomicNuclearProperties.

33.4.5. Energy loss by photons :

At low energies the photoelectric effect dominates, although Compton
scattering, Rayleigh scattering, and photonuclear absorption also con-
tribute. The photoelectric cross section is characterized by discontinuities
(absorption edges) as thresholds for photoionization of various atomic
levels are reached. Pair production dominates at high energies, but is
supressed at ultrahigh energies because of quantum mechanical interference
between amplitudes from different scattering centers (LPM effect).

At still higher photon and electron energies, where the bremsstrahlung
and pair production cross-sections are heavily suppressed by the LPM
effect, photonuclear and electronuclear interactions predominate over
electromagnetic interactions. At photon energies above about 1020 eV, for
example, photons usually interact hadronically.

33.5. Electromagnetic cascades

When a high-energy electron or photon is incident on a thick absorber, it
initiates an electromagnetic cascade as pair production and bremsstrahlung
generate more electrons and photons with lower energies.

The longitudinal development is governed by the high-energy part of
the cascade, and therefore scales as the radiation length in the material.
Electron energies eventually fall below the critical energy, and then
dissipate their energy by ionization and excitation rather than by the
generation of more shower particles. In describing shower behavior, it is
convenient to introduce the scale variables

t = x/X0 , y = E/Ec , (33.35)

so that distance is measured in units of radiation length and energy in
units of critical energy.

The mean longitudinal profile of the energy deposition in an
electromagnetic cascade is reasonably well described by a gamma
distribution [59],

dE

dt
= E0 b

(bt)a−1e−bt

Γ(a)
, (33.36)

at energies from 1 GeV to 100 GeV.
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Figure 33.20: An EGS4 simulation of a 30 GeV electron-induced
cascade in iron. The histogram shows fractional energy deposition
per radiation length, and the curve is a gamma-function fit to the
distribution.

33.6. Muon energy loss at high energy

At sufficiently high energies, radiative processes become more important
than ionization for all charged particles. These contributions increase
almost linearily with energy. It is convenient to write the average rate of
muon energy loss as [72]

−dE/dx = a(E) + b(E)E . (33.41)

Here a(E) is the ionization energy loss given by Eq. (33.5), and b(E)E
is the sum of e+e− pair production, bremsstrahlung, and photonuclear
contributions. These are subject large fluctuations, particularly at higher
energies.

To the approximation that the slowly-varying functions a(E) and b(E)
are constant, the mean range x0 of a muon with initial energy E0 is given
by

x0 ≈ (1/b) ln(1 + E0/Eµc) , (33.42)

where Eµc = a/b.
The “muon critical energy” Eµc can be defined as the energy at which

radiative and ionization losses are equal, and can be found by solving
Eµc = a(Eµc)/b(Eµc). This definition is different from the Rossi definition
we used for electrons. It decreases with Z, and is several hundred
GeV for iron. It is given for the elements and many other materials in
pdg.lbl.gov/AtomicNuclearProperties.

33.7. Cherenkov and transition radiation

A charged particle radiates if its velocity is greater than the local
phase velocity of light (Cherenkov radiation) or if it crosses suddenly
from one medium to another with different optical properties (transition
radiation). Neither process is important for energy loss, but both are used
in high-energy and cosmic-ray physics detectors.
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33. Passage of particles through matter 217

33.7.1. Optical Cherenkov radiation :

The angle θc of Cherenkov radiation, relative to the particle’s direction,
for a particle with velocity βc in a medium with index of refraction n is

cos θc = (1/nβ)

or tan θc =
√

β2n2
− 1

≈

√

2(1 − 1/nβ) for small θc, e.g. in gases. (33.43)

The threshold velocity βt is 1/n. Values of n − 1 for various commonly
used gases are given as a function of pressure and wavelength in Ref. 78.
Data for other commonly used materials are given in Ref. 79.

The number of photons produced per unit path length of a particle
with charge ze and per unit energy interval of the photons is

d2N

dEdx
=

αz2

~c
sin2 θc =

α2z2

re mec2

(

1 −

1

β2n2(E)

)

≈ 370 sin2 θc(E) eV−1cm−1 (z = 1) , (33.45)

or, equivalently,

d2N

dxdλ
=

2παz2

λ2

(

1 −

1

β2n2(λ)

)

. (33.46)

33.7.2. Coherent radio Cherenkov radiation :

Coherent Cherenkov radiation is produced by many charged particles
with a non-zero net charge moving through matter on an approximately
common “wavefront”—for example, the electrons and positrons in a
high-energy electromagnetic cascade. Near the end of a shower, when
typical particle energies are below Ec (but still relativistic), a charge
imbalance develops. Photons can Compton-scatter atomic electrons, and
positrons can annihilate with atomic electrons to contribute even more
photons which can in turn Compton scatter. These processes result
in a roughly 20% excess of electrons over positrons in a shower. The
net negative charge leads to coherent radio Cherenkov emission. The
phenomenon is called the Askaryan effect [84]. The signals can be visible
above backgrounds for shower energies as low as 1017 eV; see Sec. 35.3.3
for more details.

33.7.3. Transition radiation :

The energy radiated when a particle with charge ze crosses the
boundary between vacuum and a medium with plasma frequency ωp is

I = αz2γ~ωp/3 . (33.47)

The plasma energy ~ωp is defined in Table 33.1.

For styrene and similar materials, ~ωp ≈ 20 eV; for air it is 0.7 eV. The
number spectrum dNγ/d(~ω diverges logarithmically at low energies and
decreases rapidly for ~ω/γ~ωp > 1. Inevitable absorption in a practical
detector removes the divergence. About half the energy is emitted in the
range 0.1 ≤ ~ω/γ~ωp ≤ 1. The γ dependence of the emitted energy thus
comes from the hardening of the spectrum rather than from an increased
quantum yield. For a particle with γ = 103, the radiated photons are in
the soft x-ray range 2 to 40 keV.

The number of photons with energy ~ω > ~ω0 is given by the answer
to problem 13.15 in Ref. 33,

Nγ(~ω > ~ω0) =
αz2

π

[

(

ln
γ~ωp

~ω0

− 1

)2

+
π2

12

]

, (33.49)
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Figure 33.27: X-ray photon energy spectra for a radiator consisting
of 200 25µm thick foils of Mylar with 1.5 mm spacing in air (solid
lines) and for a single surface (dashed line).

within corrections of order (~ω0/γ~ωp)
2. The number of photons above a

fixed energy ~ω0 ≪ γ~ωp thus grows as (ln γ)2, but the number above a
fixed fraction of γ~ωp (as in the example above) is constant. For example,

for ~ω > γ~ωp/10, Nγ = 2.519 αz2/π = 0.0059× z2.
The particle stays “in phase” with the x ray over a distance called

the formation length, d(ω) = (2c/ω)(1/γ2 + θ2 + ω2
p/ω2)−1. Most of the

radiation is produced in this distance. Here θ is the x-ray emission angle,
characteristically 1/γ. For θ = 1/γ the formation length has a maximum

at d(γωp/
√

2) = γc/
√

2 ωp. In practical situations it is tens of µm.
Since the useful x-ray yield from a single interface is low, in practical

detectors it is enhanced by using a stack of N foil radiators—foils
L thick, where L is typically several formation lengths—separated by
gas-filled gaps. The amplitudes at successive interfaces interfere to cause
oscillations about the single-interface spectrum. At increasing frequencies
above the position of the last interference maximum (L/d(w) = π/2), the
formation zones, which have opposite phase, overlap more and more and
the spectrum saturates, dI/dω approaching zero as L/d(ω) → 0. This is
illustrated in Fig. 33.27 for a realistic detector configuration.

Although one might expect the intensity of coherent radiation from the
stack of foils to be proportional to N2, the angular dependence of the
formation length conspires to make the intensity ∝ N .
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34. Particle Detectors at Accelerators

34.1. Introduction

This review summarizes the detector technologies employed at
accelerator particle physics experiments. Several of these detectors are
also used in a non-accelerator context and examples of such applications
will be provided. The detector techniques which are specific to non-
accelerator particle physics experiments are the subject of Chap. 35. More
detailed discussions of detectors and their underlying physics can be found
in books by Ferbel [1], Kleinknecht [2], Knoll [3], Green [4], Leroy &
Rancoita [5], and Grupen [6].

In Table 34.1 are given typical resolutions and deadtimes of common
charged particle detectors. The quoted numbers are usually based on
typical devices, and should be regarded only as rough approximations
for new designs. The spatial resolution refers to the intrinsic detector
resolution, i.e. without multiple scattering. We note that analog detector
readout can provide better spatial resolution than digital readout by
measuring the deposited charge in neighboring channels. Quoted ranges
attempt to be representative of both possibilities. The time resolution is
defined by how accurately the time at which a particle crossed the detector
can be determined. The deadtime is the minimum separation in time
between two resolved hits on the same channel. Typical performance of
calorimetry and particle identification are provided in the relevant sections
below.

Table 34.1: Typical resolutions and deadtimes of common charged
particle detectors. Revised November 2011.

Intrinsinc Spatial Time Dead
Detector Type Resolution (rms) Resolution Time

Resistive plate chamber . 10 mm 1 ns (50 psa) —
Streamer chamber 300 µmb 2 µs 100 ms
Liquid argon drift [7] ∼175–450 µm ∼ 200 ns ∼ 2 µs
Scintillation tracker ∼100 µm 100 ps/nc 10 ns
Bubble chamber 10–150 µm 1 ms 50 msd

Proportional chamber 50–100 µme 2 ns 20-200 ns
Drift chamber 50–100 µm 2 nsf 20-100 ns
Micro-pattern gas detectors 30–40 µm < 10 ns 10-100 ns

Silicon strip pitch/(3 to 7)g few nsh . 50 nsh

Silicon pixel . 10 µm few nsh . 50 nsh

Emulsion 1 µm — —

a For multiple-gap RPCs.
b 300 µm is for 1 mm pitch (wirespacing/

√

12).
c n = index of refraction.
d Multiple pulsing time.
e Delay line cathode readout can give ±150 µm parallel to anode wire.
f For two chambers.
g The highest resolution (“7”) is obtained for small-pitch detectors

(. 25 µm) with pulse-height-weighted center finding.
h Limited by the readout electronics [8].

Further discussion and all references may be found in the full Review.
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36. Radioactivity and Radiation Protection

Revised October 2017 by S. Roesler and M. Silari (CERN).

36.1. Definitions

The International Commission on Radiation Units and Measurements
(ICRU) recommends the use of SI units. Therefore we list SI units first,
followed by cgs (or other common) units in parentheses, where they differ.

• Activity (unit: Becquerel):

1 Bq = 1 disintegration per second (= 27 pCi).

• Absorbed dose (unit: gray): The absorbed dose is the energy
imparted by ionizing radiation in a volume element of a specified material
divided by the mass of this volume element.

1 Gy = 1 J/kg (= 104 erg/g = 100 rad)

= 6.24 × 1012 MeV/kg deposited energy.

• Kerma (unit: gray): Kerma is the sum of the initial kinetic energies of
all charged particles liberated by indirectly ionizing particles in a volume
element of the specified material divided by the mass of this volume
element.

• Exposure (unit: C/kg of air [= 3880 Roentgen†]): The exposure is
a measure of photon fluence at a certain point in space integrated over
time, in terms of ion charge of either sign produced by secondary electrons
in a small volume of air about the point. Implicit in the definition is
the assumption that the small test volume is embedded in a sufficiently
large uniformly irradiated volume that the number of secondary electrons
entering the volume equals the number leaving (so-called charged particle
equilibrium).

Table 36.1: Radiation weighting factors, wR.

Radiation type wR

Photons 1
Electrons and muons 1
Neutrons, En < 1 MeV 2.5 + 18.2 × exp[−(lnEn)2/6]

1 MeV ≤ En ≤ 50 MeV 5.0 + 17.0 × exp[−(ln(2En))2/6]
En > 50 MeV 2.5 + 3.25 × exp[−(ln(0.04En))2/6]

Protons and charged pions 2
Alpha particles, fission
fragments, heavy ions 20

• Equivalent dose (unit: Sievert [= 100 rem (roentgen equivalent in
man)]): The equivalent dose HT in an organ or tissue T is equal to the
sum of the absorbed doses DT,R in the organ or tissue caused by different
radiation types R weighted with so-called radiation weighting factors wR:

HT =
∑

R

wR × DT,R . (36.1)

† This unit is somewhat historical, but appears on some measuring in-
struments. One R is the amount of radiation required to liberate positive
and negative charges of one electrostatic unit of charge in 1 cm3 of air at
standard temperature and pressure (STP)
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It expresses long-term risks (primarily cancer and leukemia) from low-level
chronic exposure. The values for wR recommended recently by ICRP [2]
are given in Table 36.1.

• Effective dose (unit: Sievert): The sum of the equivalent doses,
weighted by the tissue weighting factors wT (

∑

T wT = 1) of several organs
and tissues T of the body that are considered to be most sensitive [2], is
called “effective dose” E:

E =
∑

T

wT × HT . (36.2)

36.2. Radiation levels [4]

• Natural annual background, all sources: Most world areas, whole-
body equivalent dose rate ≈ (1.0–13) mSv (0.1–1.3 rem). Can range up
to 50 mSv (5 rem) in certain areas. U.S. average ≈ 3.6 mSv, including
≈ 2 mSv (≈ 200 mrem) from inhaled natural radioactivity, mostly radon
and radon daughters. (Average is for a typical house and varies by more
than an order of magnitude. It can be more than two orders of magnitude
higher in poorly ventilated mines. 0.1–0.2 mSv in open areas.)

• Cosmic ray background (sea level, mostly muons):
∼ 1 min−1 cm−2 sr−1. For more accurate estimates and details, see the
Cosmic Rays section (Sec. 29 of this Review).

• Fluence (per cm2) to deposit one Gy, assuming uniform irradiation:

≈ (charged particles) 6.24×109/(dE/dx), where dE/dx (MeV
g−1 cm2), the energy loss per unit length, may be obtained from Figs.
33.2 and 33.4 in Sec. 33 of the Review, and pdg.lbl.gov/AtomicNuclear

Properties.

≈ 3.5 × 109 cm−2 minimum-ionizing singly-charged particles in carbon.

≈ (photons) 6.24×109/[Ef/ℓ], for photons of energy E (MeV),
attenuation length ℓ (g cm−2), and fraction f . 1 expressing the fraction
of the photon’s energy deposited in a small volume of thickness ≪ ℓ but
large enough to contain the secondary electrons.

≈ 2 × 1011 photons cm−2 for 1 MeV photons on carbon (f ≈ 1/2).

36.3. Health effects of ionizing radiation

• Recommended limits of effective dose to radiation workers
(whole-body dose):∗

EU/Switzerland: 20 mSv yr−1

U.S.: 50 mSv yr−1 (5 rem yr−1)†

• Lethal dose: The whole-body dose from penetrating ionizing radiation
resulting in 50% mortality in 30 days (assuming no medical treatment)
is 2.5–4.5 Gy (250–450 rad), as measured internally on body longitudinal
center line. Surface dose varies due to variable body attenuation and may
be a strong function of energy.

• Cancer induction by low LET radiation: The cancer induction
probability is about 5% per Sv on average for the entire population [2].

Footnotes:

∗ The ICRP recommendation [2] is 20 mSv yr−1 averaged over 5 years,
with the dose in any one year ≤ 50 mSv.

† Many laboratories in the U.S. and elsewhere set lower limits.

See full Review for references and further details.
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37. Commonly Used Radioactive Sources

Table 37.1. Revised August 2017 by D.E. Groom (LBNL) and
R.B. Firestone (LBNL).

Particle Photon

Type of Energy Emission Energy Emission
Nuclide Half-life decay (MeV) prob. (MeV) prob.
22
11

Na 2.603 y β+, EC 0.546 90% 0.511 Annih.
1.275 100%

51
24

Cr 27.70 d EC 0.340 10%
V K x rays 100%

Neutrino calibration source
54
25Mn 0.855 y EC 0.835 100%

Cr K x rays 26%
55
26

Fe 2.747 y EC Mn K x rays:
0.00590 24.4%
0.00649 2.86%

57
27

Co 271.8 d EC 0.014 9%
0.122 86%
0.136 11%
Fe K x rays 58%

60
27

Co 5.271 y β− 0.317 99.9% 1.173 99.9%
1.333 99.9%

68
32

Ge 271.0 d EC Ga K x rays 42%
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

→
68
31

Ga 67.8 m β+, EC 1.899 90% 0.511 Annih.
1.077 3%

90
38

Sr 28.8 y β− 0.546 100%
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

→
90
39

Y 2.67 d β− 2.279 100%

106
44

Ru 371.5 d β− 0.039 100%
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

→
106
45

Rh 30.1 s β− 3.546 79% 0.512 21%
0.622 10%

109
48

Cd 1.265 y EC 0.063 e− 42% 0.088 3.7%
0.084 e− 44% Ag K x rays 100%

113
50

Sn 115.1 d EC 0.364 e− 28% 0.392 65%
0.388 e− 6% In K x rays 97%

137
55

Cs 30.0 y β− 0.514 94% 0.662 85%
1.176 6%
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133
56

Ba 10.55 y EC 0.045 e− 50% 0.081 33%
0.075 e− 6% 0.356 62%

Cs K x rays 121%
152
63

Eu 13.537 y EC 72.1% Many γ’s
β− 27.9% 0.1218–1.408 MeV

207
83

Bi 32.9 y EC 0.481 e− 2% 0.569 98%
0.975 e− 7% 1.063 75%
1.047 e− 2% 1.770 7%

Pb K x rays 78%
228
90

Th 1.912 y 6α: 5.341 to 8.785 0.239 44%
3β−: 0.334 to 2.246 0.583 31%

2.614 36%
(→224

88
Ra →

220
86

Rn →
216
84

Po →
212
82

Pb →
212
83

Bi →
212
84

Po)
( 361 d 55.8 s 0.148 s 10.64 h 60.54 m 300 ns)

241
95

Am 432.6 y α 5.443 13% 0.060 36%
5.486 84% Np L x rays 38%

241
95

Am/Be 432.6 y 6 × 10−5 neutrons (〈E〉 = 4 MeV) and
4 × 10−5γ’s (4.43 MeV from 9

4
Be(α, n))

244
96

Cm 18.11 y α 5.763 24% Pu L x rays ∼ 9%
5.805 76%

252
98

Cf 2.645 y α (97%) 6.076 15%
6.118 82%

Fission (3.1%): Average 7.8 γ’s/fission; 〈Eγ〉 = 0.88 MeV
≈ 4 neutrons/fission; 〈En〉 = 2.14 MeV

“Emission probability” is the probability per decay of a given emission;
because of cascades these may total more than 100%. Only principal
emissions are listed. EC means electron capture, and e− means
monoenergetic internal conversion (Auger) electron. The intensity of 0.511
MeV e+e− annihilation photons depends upon the number of stopped
positrons. Endpoint β± energies are listed. In some cases when energies
are closely spaced, the γ-ray values are approximate weighted averages.
Radiation from short-lived daughter isotopes is included where relevant.

Half-lives, energies, and intensities may be found in www-pub.iaea.org/

books/IAEABooks/7551/Update-of-X-Ray-and-Gamma-Ray-Decay-Data

-Standards-for-Detector-Calibration-and-Other-Applications,

IAEA (2007) or Nuclear Data Sheets
(www.journals.elsevier.com/nuclear-data-sheets) (2007).

Neutron sources: See e.g. “Neutron Calibration Sources in the Daya Bay
Experiment,” J. Liu et al., Nuclear Instrum. Methods A797, 260 (2005)
(arXiv.1504.07911).
51
24

Cr calibration of neutrino detectors is discussed in e.g. J.N. Abdurashitov
et al. [SAGE Collaboration], Phys. Rev. C59, 2246 (1999). The use of
75
34

Se and other isotopes has been proposed.
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38. PROBABILITY

Revised September 2015 by G. Cowan (RHUL).

The following is a much-shortened version of Sec. 38 of the full Review.
Equation, section, and figure numbers follow the Review.

38.2. Random variables

• Probability density function (p.d.f.): x is a random variable.

Continuous: f(x; θ)dx = probability x is between x to x + dx, given
parameter(s) θ;

Discrete: f(x; θ) = probability of x given θ.

• Cumulative distribution function:

F (a) =

∫ a

−∞

f(x) dx . (38.6)

Here and below, if x is discrete-valued, the integral is replaced by a sum.
The endpoint a is indcluded in the integral or sum.

• Expectation values: Given a function u:

E [u(x)] =

∫

∞

−∞

u(x) f(x) dx . (38.7)

• Moments:

nth moment of a random variable: αn = E[xn] , (38.8a)

nth central moment: mn = E[(x − α1)
n] . (38.8b)

Mean: µ ≡ α1 . (38.9a)

Variance: σ2
≡ V [x] ≡ m2 = α2 − µ2 . (38.9b)

Coefficient of skewness: γ1 ≡ m3/σ3.

Kurtosis: γ2 = m4/σ4
− 3 .

Median: F (xmed) = 1/2.

• Marginal p.d.f.: Let x,y be two random variables with joint p.d.f.
f(x, y).

f1(x) =

∫

∞

−∞

f(x, y) dy ; f2(y) =

∫

∞

−∞

f(x, y) dx . (38.10)

• Conditional p.d.f.:

f4(x|y) = f(x, y)/f2(y) ; f3(y|x) = f(x, y)/f1(x) .

• Bayes’ theorem:

f4(x|y) =
f3(y|x)f1(x)

f2(y)
=

f3(y|x)f1(x)
∫

f3(y|x′)f1(x′) dx′
. (38.11)

• Correlation coefficient and covariance:

µx =

∫

∞

−∞

∫

∞

−∞

xf(x, y) dx dy , (38.12)

ρxy = E
[

(x − µx)(y − µy)
]

/σx σy ≡ cov[x, y]/σx σy ,
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σx =

∫

∞

−∞

∫

∞

−∞

(x − µx)2 f(x, y) dx dy . Note ρ2
xy ≤ 1.

• Independence: x,y are independent if and only if f(x, y) = f1(x) · f2(y);
then ρxy = 0, E[u(x) v(y)] = E[u(x)] E[v(y)] and V [x+y] = V [x]+V [y].

• Change of variables: From x = (x1, . . . , xn) to y = (y1, . . . , yn):
g(y) = f (x(y)) · |J | where |J | is the absolute value of the determinant of
the Jacobian Jij = ∂xi/∂yj. For discrete variables, use |J | = 1.

38.3. Characteristic functions

Given a pdf f(x) for a continuous random variable x, the characteristic
function φ(u) is given by (31.6). Its derivatives are related to the algebraic
moments of x by (31.7).

φ(u) = E
[

eiux
]

=

∫

∞

−∞

eiuxf(x) dx . (38.17)

i−n dnφ

dun

∣

∣

∣

∣

u=0

=

∫

∞

−∞

xnf(x) dx = αn . (38.18)

If the p.d.f.s f1(x) and f2(y) for independent random variables x and
y have characteristic functions φ1(u) and φ2(u), then the characteristic
function of the weighted sum ax+ by is φ1(au)φ2(bu). The additional rules
for several important distributions (e.g., that the sum of two Gaussian
distributed variables also follows a Gaussian distribution) easily follow
from this observation.

38.4. Some probability distributions

See Table 38.1.

38.4.2. Poisson distribution :

The Poisson distribution f(n; ν) gives the probability of finding exactly
n events in a given interval of x (e.g., space or time) when the events
occur independently of one another and of x at an average rate of ν per
the given interval. The variance σ2 equals ν. It is the limiting case p → 0,
N → ∞, Np = ν of the binomial distribution. The Poisson distribution
approaches the Gaussian distribution for large ν.

38.4.3. Normal or Gaussian distribution :

Its cumulative distribution, for mean 0 and variance 1, is often tabulated
as the error function

F (x; 0, 1) = 1

2

[

1 + erf(x/
√

2)
]

. (38.24)

For mean µ and variance σ2, replace x by (x − µ)/σ.

P (x in range µ ± σ) = 0.6827,

P (x in range µ ± 0.6745σ) = 0.5,

E[|x − µ|] =
√

2/πσ = 0.7979σ,

half-width at half maximum =
√

2 ln 2 · σ = 1.177σ.
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For n Gaussian random variables xi, the joint p.d.f. is the multivariate
Gaussian:

f(x; µ, V ) =
1

(2π)n/2
√

|V |

exp
[

−
1

2
(x − µ)T V −1(x − µ)

]

, |V | > 0 .

(38.25)
V is the n × n covariance matrix; Vij ≡ E[(xi − µi)(xj − µj)] ≡ ρij σi σj ,
and Vii = V [xi]; |V | is the determinant of V . For n = 2, f(x; µ, V ) is

f(x1, x2; µ1, µ2, σ1, σ2, ρ) =
1

2πσ1σ2

√

1 − ρ2
× exp

{

−1

2(1 − ρ2)

[

(x1 − µ1)
2

σ2
1

−

2ρ(x1 − µ1)(x2 − µ2)

σ1σ2

+
(x2 − µ2)

2

σ2
2

]}

. (38.26)

The marginal distribution of any xi is a Gaussian with mean µi and
variance Vii. V is n × n, symmetric, and positive definite. Therefore for
any vector X, the quadratic form XT V −1X = C, where C is any positive
number, traces an n-dimensional ellipsoid as X varies. If Xi = xi − µi,
then C is a random variable obeying the χ2 distribution with n degrees
of freedom, discussed in the following section. The probability that X

corresponding to a set of Gaussian random variables xi lies outside
the ellipsoid characterized by a given value of C (= χ2) is given by
1 − Fχ2(C; n), where Fχ2 is the cumulative χ2 distribution. This may
be read from Fig. 39.1. For example, the “s-standard-deviation ellipsoid”
occurs at C = s2. For the two-variable case (n = 2), the point X lies
outside the one-standard-deviation ellipsoid with 61% probability. The
use of these ellipsoids as indicators of probable error is described in
Sec. 39.4.2.2; the validity of those indicators assumes that µ and V are
correct.

38.4.5. χ2
distribution :

If x1, . . . , xn are independent Gaussian random variables, the sum
z =

∑n
i=1

(xi − µi)
2/σ2

i follows the χ2 p.d.f. with n degrees of freedom,

which we denote by χ2(n). More generally, for n correlated Gaussian
variables as components of a vector X with covariance matrix V ,
z = XT V −1X follows χ2(n) as in the previous section. For a set of zi,
each of which follows χ2(ni),

∑

zi follows χ2(
∑

ni). For large n, the χ2

p.d.f. approaches a Gaussian with mean µ = n and variance σ2 = 2n.

The χ2 p.d.f. is often used in evaluating the level of compatibility between
observed data and a hypothesis for the p.d.f. that the data might follow.
This is discussed further in Sec. 39.3.2 on tests of goodness-of-fit.

38.4.7. Gamma distribution :

For a process that generates events as a function of x (e.g., space or time)
according to a Poisson distribution, the distance in x from an arbitrary
starting point (which may be some particular event) to the kth event
follows a gamma distribution, f(x; λ, k). The Poisson parameter µ is λ
per unit x. The special case k = 1 (i.e., f(x; λ, 1) = λe−λx) is called the
exponential distribution. A sum of k′ exponential random variables xi is
distributed as f(

∑

xi; λ, k′).

The parameter k is not required to be an integer. For λ = 1/2 and
k = n/2, the gamma distribution reduces to the χ2(n) distribution.

See the full Review for further discussion and all references.
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39. Statistics

Revised September 2017 by G. Cowan (RHUL).

This chapter gives an overview of statistical methods used in high-
energy physics. In statistics, we are interested in using a given sample of
data to make inferences about a probabilistic model, e.g., to assess the
model’s validity or to determine the values of its parameters. There are
two main approaches to statistical inference, which we may call frequentist
and Bayesian.

39.2. Parameter estimation

An estimator ̂θ (written with a hat) is a function of the data used to
estimate the value of the parameter θ.

39.2.1. Estimators for mean, variance, and median :
Suppose we have a set of n independent measurements, x1, . . . , xn, each

assumed to follow a p.d.f. with unknown mean µ and unknown variance
σ2 (the measurements do not necessarily have to follow a Gaussian
distribution). Then

µ̂ =
1

n

n
∑

i=1

xi (39.5)

̂σ2 =
1

n − 1

n
∑

i=1

(xi − µ̂)2 (39.6)

are unbiased estimators of µ and σ2. The variance of µ̂ is σ2/n and the

variance of ̂σ2 is

V
[

̂σ2
]

=
1

n

(

m4 −

n − 3

n − 1
σ4

)

, (39.7)

where m4 is the 4th central moment of x (see Eq. (38.8b)). For Gaussian
distributed xi, this becomes 2σ4/(n− 1) for any n ≥ 2, and for large n the

standard deviation of σ̂ is σ/
√

2n.
If the xi have different, known variances σ2

i , then the weighted average

µ̂ =
1

w

n
∑

i=1

wixi , (39.8)

where wi = 1/σ2
i and w =

∑

i wi, is an unbiased estimator for µ with a
smaller variance than an unweighted average. The standard deviation of
µ̂ is 1/

√

w.

39.2.2. The method of maximum likelihood :
Suppose we have a set of measured quantities x and the likelihood

L(θ) = P (x|θ) for a set of parameters θ = (θ1, . . . , θN ). The maximum
likelihood (ML) estimators for θ can be found by solving the likelihood
equations,

∂ ln L

∂θi
= 0 , i = 1, . . . , N . (39.9)

In the large sample limit, the s times the standard deviations σi of
the estimators for the parameters can be obtained from the hypersurface
defined by the θ such that

ln L(θ) = lnLmax − s2/2 , (39.10)
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39.2.3. The method of least squares :

For Gaussian distributed measurements yi with mean µ(xi; θ) and
known variance σ2

i , the log-likelihood function contains the sum of squares

χ2(θ) = −2 lnL(θ) + constant =
N

∑

i=1

(yi − µ(xi; θ))2

σ2
i

. (39.19)

If the yi have a covariance matrix Vij = cov[yi, yj ], then the estimators
are determined by the minimum of

χ2(θ) = (y − µ(θ))T V −1(y − µ(θ)) , (39.20)

39.3. Statistical tests

39.3.1. Hypothesis tests :

A frequentist test of a hypothesis (often called the null hypothesis, H0)
is a rule that states for which data values x the hypothesis is rejected.
A critical region w is specified such that there is no more than a given
probability α, called the size or significance level of the test, to find x ∈ w.
If the data are discrete, it may not be possible to find a critical region
with exact probability content α, and thus we require P (x ∈ w|H0) ≤ α.
If the data are observed in the critical region, H0 is rejected.

The critical region is not unique, and generally defined relative to some
alternative hypothesis (or set of alternatives) H1. To maximize the power
of the test of H0 with respect to the alternative H1, the Neyman–Pearson
lemma states that the critical region w should be chosen such that for all
data values x inside w, the likelihood ratio

λ(x) =
f(x|H1)

f(x|H0)
(39.44)

is greater than or equal to a given constant cα, and everywhere outside
the critical region one has λ(x) < cα, where the value of cα is determined
by the size of the test α. Here H0 and H1 must be simple hypotheses, i.e.,
they should not contain undetermined parameters.

39.3.2. Tests of significance (goodness-of-fit) :

Often one wants to quantify the level of agreement between the data
and a hypothesis without explicit reference to alternative hypotheses. This
can be done by defining a statistic t whose value reflects in some way the
level of agreement between the data and the hypothesis. For example, if
t is defined such that large values correspond to poor agreement with the
hypothesis, then the p-value would be

p =

∫

∞

tobs

f(t|H0) dt , (39.45)

where tobs is the value of the statistic obtained in the actual experiment.

39.3.2.1. Goodness-of-fit with the method of least squares:

For Poisson measurements ni with variances σ2
i = µi, the χ2 (39.19)

becomes Pearson’s χ2 statistic,

χ2 =

N
∑

i=1

(ni − µi)
2

µi
. (39.53)

Assuming the goodness-of-fit statistic follows a χ2 p.d.f., the p-value for
the hypothesis is then

p =

∫

∞

χ2
f(z; nd) dz , (39.54)
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Figure 39.1: One minus the χ2 cumulative distribution, 1−F (χ2; n),
for n degrees of freedom. This gives the p-value for the χ2 goodness-
of-fit test as well as one minus the coverage probability for confidence
regions (see Sec. 39.4.2.2).

where f(z; nd) is the χ2 p.d.f. and nd is the appropriate number of degrees
of freedom. Values are shown in Fig. 39.1. The p-values obtained for
different values of χ2/nd are shown in Fig. 39.2.
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Figure 39.2: The ‘reduced’ χ2, equal to χ2/n, for n degrees
of freedom. The curves show as a function of n the χ2/n that
corresponds to a given p-value.
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39.3.3. Bayes factors :
In Bayesian statistics, one could reject a hypothesis H if its posterior

probability P (H |x) is sufficiently small. The full prior probability for two
models (hypotheses) Hi and Hj can be written in the form

π(Hi, θi) = P (Hi)π(θi|Hi) . (39.55)
The Bayes factor is defined as

Bij =

∫

P (x|θi, Hi)π(θi|Hi) dθi
∫

P (x|θj , Hj)π(θj |Hj) dθj
. (39.58)

This gives what the ratio of posterior probabilities for models i and j
would be if the overall prior probabilities for the two models were equal.

39.4. Intervals and limits

39.4.1. Bayesian intervals :
A Bayesian or credible interval) [θlo, θup] can be determined which

contains a given fraction 1 − α of the posterior probability, i.e.,

1 − α =

∫ θup

θlo

p(θ|x) dθ . (39.60)

39.4.2. Frequentist confidence intervals :

39.4.2.1. The Neyman construction for confidence intervals:

Given a p.d.f. f(x; θ), we can find using a pre-defined rule and
probability 1 − α for every value of θ, a set of values x1(θ, α) and x2(θ, α)
such that

P (x1 < x < x2; θ) =

∫ x2

x1

f(x; θ) dx ≥ 1 − α . (39.67)

39.4.2.2. Gaussian distributed measurements:

When the data consists of a single random variable x that follows a
Gaussian distribution with known σ, the probability that the measured
value x will fall within ±δ of the true value µ is

1 − α =
1

√

2πσ

∫ µ+δ

µ−δ

e−(x−µ)2/2σ2
dx = erf

(

δ
√

2 σ

)

= 2Φ

(

δ

σ

)

− 1 ,

(39.70)
Fig. 39.4 shows a δ = 1.64σ confidence interval unshaded. Values of α for
other frequently used choices of δ are given in Table 39.1.

Table 39.1: Area of the tails α outside ±δ from the mean of a
Gaussian distribution.

α δ α δ

0.3173 1σ 0.2 1.28σ

4.55 ×10−2 2σ 0.1 1.64σ

2.7 ×10−3 3σ 0.05 1.96σ

6.3×10−5 4σ 0.01 2.58σ

5.7×10−7 5σ 0.001 3.29σ

2.0×10−9 6σ 10−4 3.89σ

We can set a one-sided (upper or lower) limit by excluding above x + δ
(or below x − δ). The values of α for such limits are half the values in
Table 39.1. Values of ∆χ2 or 2∆ lnL are given in Table 39.2 for several
values of the coverage probability 1 − α and number of fitted parameters
m.
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Figure 39.4: Illustration of a symmetric 90% confidence interval
(unshaded) for a Gaussian-distributed measurement of a single
quantity. Integrated probabilities, defined by α = 0.1, are as shown.

Table 39.2: Values of ∆χ2 or 2∆ lnL corresponding to a coverage
probability 1 − α in the large data sample limit, for joint estimation
of m parameters.

(1 − α) (%) m = 1 m = 2 m = 3

68.27 1.00 2.30 3.53

90. 2.71 4.61 6.25

95. 3.84 5.99 7.82

95.45 4.00 6.18 8.03

99. 6.63 9.21 11.34

99.73 9.00 11.83 14.16

39.4.2.3. Poisson or binomial data:

For Poisson distributed n, the upper and lower limits on the mean value
µ from the Neyman procedure are

µlo = 1
2
F−1

χ2 (αlo; 2n) , (39.76a)

µup = 1
2
F−1

χ2 (1 − αup; 2(n + 1)) , (39.76b)

For the case of binomially distributed n successes out of N trials with
probability of success p, the upper and lower limits on p are found to be

plo =
nF−1

F
[αlo; 2n, 2(N − n + 1)]

N − n + 1 + nF−1
F

[αlo; 2n, 2(N − n + 1)]
, (39.77a)

pup =
(n + 1)F−1

F
[1 − αup; 2(n + 1), 2(N − n)]

(N − n) + (n + 1)F−1
F

[1 − αup; 2(n + 1), 2(N − n)]
. (39.77b)

Here F−1
F

is the quantile of the F distribution (also called the Fisher–
Snedecor distribution; see Ref. [4]) .

Several problems with such intervals are overcome by using the unified
approach of Feldman and Cousins [38]. Properties of these intervals are
described further in the Review. Table 39.4 gives the unified confidence
intervals [µ1, µ2] for the mean of a Poisson variable given n observed
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Table 39.3: Lower and upper (one-sided) limits for the mean µ
of a Poisson variable given n observed events in the absence of
background, for confidence levels of 90% and 95%.

1 − α =90% 1 − α =95%

n µlo µup µlo µup

0 – 2.30 – 3.00

1 0.105 3.89 0.051 4.74

2 0.532 5.32 0.355 6.30

3 1.10 6.68 0.818 7.75

4 1.74 7.99 1.37 9.15

5 2.43 9.27 1.97 10.51

6 3.15 10.53 2.61 11.84

7 3.89 11.77 3.29 13.15

8 4.66 12.99 3.98 14.43

9 5.43 14.21 4.70 15.71

10 6.22 15.41 5.43 16.96

events in the absence of background, for confidence levels of 90% and 95%.

Table 39.4: Unified confidence intervals [µ1, µ2] for a the mean
of a Poisson variable given n observed events in the absence of
background, for confidence levels of 90% and 95%.

1 − α =90% 1 − α =95%

n µ1 µ2 µ1 µ2

0 0.00 2.44 0.00 3.09

1 0.11 4.36 0.05 5.14

2 0.53 5.91 0.36 6.72

3 1.10 7.42 0.82 8.25

4 1.47 8.60 1.37 9.76

5 1.84 9.99 1.84 11.26

6 2.21 11.47 2.21 12.75

7 3.56 12.53 2.58 13.81

8 3.96 13.99 2.94 15.29

9 4.36 15.30 4.36 16.77

10 5.50 16.50 4.75 17.82

Further discussion and all references may be found in the full Review of
Particle Physics.
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44. Clebsch-Gordan Coefficients,
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47. Kinematics

Revised August 2017 by D.R. Tovey (Sheffield) and January 2000 by J.D.
Jackson (LBNL).

Throughout this section units are used in which ~ = c = 1. The following
conversions are useful: ~c = 197.3 MeV fm, (~c)2 = 0.3894 (GeV)2 mb.

47.1. Lorentz transformations

The energy E and 3-momentum p of a particle of mass m form a
4-vector p = (E,p) whose square p2

≡ E2
− |p|2 = m2. The velocity of

the particle is β = p/E. The energy and momentum (E∗,p∗) viewed from
a frame moving with velocity βf are given by

(

E∗

p∗
‖

)

=

(

γf −γfβf

−γfβf γf

) (

E
p‖

)

, p∗
T

= p
T

, (47.1)

where γf = (1−β2
f
)−1/2 and p

T
(p‖) are the components of p perpendicular

(parallel) to βf . Other 4-vectors, such as the space-time coordinates of
events, of course transform in the same way. The scalar product of two
4-momenta p1 · p2 = E1E2 − p1 · p2 is invariant (frame independent).

47.2. Center-of-mass energy and momentum

In the collision of two particles of masses m1 and m2 the total
center-of-mass energy can be expressed in the Lorentz-invariant form

Ecm =
[

(E1 + E2)
2
− (p1 + p2)

2
]1/2

,

=
[

m2
1 + m2

2 + 2E1E2(1 − β1β2 cos θ)
]1/2

, (47.2)

where θ is the angle between the particles. In the frame where one particle
(of mass m2) is at rest (lab frame),

Ecm = (m2
1 + m2

2 + 2E1 lab m2)
1/2 . (47.3)

The velocity of the center-of-mass in the lab frame is

βcm = plab/(E1 lab + m2) , (47.4)

where plab ≡ p1 lab and

γcm = (E1 lab + m2)/Ecm . (47.5)

The c.m. momenta of particles 1 and 2 are of magnitude

pcm = plab
m2

Ecm
. (47.6)

For example, if a 0.80 GeV/c kaon beam is incident on a proton target,
the center of mass energy is 1.699 GeV and the center of mass momentum
of either particle is 0.442 GeV/c. It is also useful to note that

Ecm dEcm = m2 dE1 lab = m2 β1 lab dplab . (47.7)

47.3. Lorentz-invariant amplitudes

The matrix elements for a scattering or decay process are written in
terms of an invariant amplitude −iM . As an example, the S-matrix for
2 → 2 scattering is related to M by

〈p′1p
′
2 |S| p1p2〉 = I − i(2π)4 δ4(p1 + p2 − p′1 − p′2)

×

M (p1, p2; p′1, p′2)

(2E1)1/2 (2E2)1/2 (2E′
1)

1/2 (2E′
2)

1/2
. (47.8)
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The state normalization is such that

〈p′|p〉 = (2π)3δ3(p− p′) . (47.9)

47.4. Particle decays

The partial decay rate of a particle of mass M into n bodies in its rest
frame is given in terms of the Lorentz-invariant matrix element M by

dΓ =
(2π)4

2M
|M |

2 dΦn (P ; p1, . . . , pn), (47.11)

where dΦn is an element of n-body phase space given by

dΦn(P ; p1, . . . , pn) = δ4 (P −

n
∑

i=1

pi)

n
∏

i=1

d3pi

(2π)32Ei
. (47.12)

This phase space can be generated recursively, viz.

dΦn(P ; p1, . . . , pn) = dΦj(q; p1, . . . , pj)

× dΦn−j+1 (P ; q, pj+1, . . . , pn)(2π)3dq2 , (47.13)

where q2 = (
∑j

i=1 Ei)
2
−

∣

∣

∣

∑j
i=1 pi

∣

∣

∣

2
. This form is particularly useful in

the case where a particle decays into another particle that subsequently
decays.

47.4.1. Survival probability : If a particle of mass M has mean
proper lifetime τ (= 1/Γ) and has momentum (E,p), then the probability
that it lives for a time t0 or greater before decaying is given by

P (t0) = e−t0 Γ/γ = e−Mt0 Γ/E , (47.14)

and the probability that it travels a distance x0 or greater is

P (x0) = e−Mx0 Γ/|p| . (47.15)

47.4.2. Two-body decays :

p1, m1

p2, m2

P, M

Figure 47.1: Definitions of variables for two-body decays.

In the rest frame of a particle of mass M , decaying into 2 particles
labeled 1 and 2,

E1 =
M2

− m2
2 + m2

1

2M
, (47.16)

|p1| = |p2|

=

[(

M2
− (m1 + m2)

2
) (

M2
− (m1 − m2)

2
)]1/2

2M
, (47.17)

and

dΓ =
1

32π2
|M |

2 |p1|

M2
dΩ , (47.18)
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where dΩ = dφ1d(cos θ1) is the solid angle of particle 1. The invariant mass
M can be determined from the energies and momenta using Eq. (47.2)
with M = Ecm.

47.4.3. Three-body decays :

p1, m1

p3, m3

P, M p2, m2

Figure 47.2: Definitions of variables for three-body decays.

Defining pij = pi + pj and m2
ij = p2

ij , then m2
12 + m2

23 + m2
13 =

M2 + m2
1 + m2

2 + m2
3 and m2

12 = (P − p3)
2 = M2 + m2

3 − 2ME3, where
E3 is the energy of particle 3 in the rest frame of M . In that frame,
the momenta of the three decay particles lie in a plane. The relative
orientation of these three momenta is fixed if their energies are known.
The momenta can therefore be specified in space by giving three Euler
angles (α, β, γ) that specify the orientation of the final system relative to
the initial particle. The direction of any one of the particles relative to the
frame in which the initial particle is described can be specified in space by
two angles (α, β) while a third angle, γ, can be set as the azimuthal angle
of a second particle around the first [1]. Then

dΓ =
1

(2π)5
1

16M
|M |

2 dE1 dE3 dα d(cos β) dγ . (47.19)

Alternatively

dΓ =
1

(2π)5
1

16M2
|M |

2
|p∗1| |p3| dm12 dΩ∗

1 dΩ3 , (47.20)

where (|p∗1|, Ω∗
1) is the momentum of particle 1 in the rest frame of 1

and 2, and Ω3 is the angle of particle 3 in the rest frame of the decaying
particle. |p∗1| and |p3| are given by

|p∗1| =

[(

m2
12 − (m1 + m2)

2
) (

m2
12 − (m1 − m2)

2
)]

2m12

1/2

, (47.21a)

and

|p3| =

[(

M2
− (m12 + m3)

2
) (

M2
− (m12 − m3)

2
)]1/2

2M
. (47.21b)

[Compare with Eq. (47.17).]

If the decaying particle is a scalar or we average over its spin states,
then integration over the angles in Eq. (47.19) gives

dΓ =
1

(2π)3
1

8M
|M |

2 dE1 dE3

=
1

(2π)3
1

32M3
|M |

2 dm2
12 dm2

23 . (47.22)

This is the standard form for the Dalitz plot.
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47.4.3.1. Dalitz plot: For a given value of m2
12, the range of m2

23 is
determined by its values when p2 is parallel or antiparallel to p3:

(m2
23)max =

(E∗
2 + E∗

3 )2 −

(

√

E∗2
2 − m2

2 −

√

E∗2
3 − m2

3

)2

, (47.23a)

(m2
23)min =

(E∗
2 + E∗

3 )2 −

(

√

E∗2
2 − m2

2 +
√

E∗2
3 − m2

3

)2

. (47.23b)

Here E∗
2 = (m2

12 − m2
1 + m2

2)/2m12 and E∗
3 = (M2

−m2
12 −m2

3)/2m12 are
the energies of particles 2 and 3 in the m12 rest frame. The scatter plot
in m2

12 and m2
23 is called a Dalitz plot. If |M |

2 is constant, the allowed
region of the plot will be uniformly populated with events [see Eq. (47.22)].
A nonuniformity in the plot gives immediate information on |M |

2. For
example, in the case of D → Kππ, bands appear when m(Kπ) = mK∗(892),

reflecting the appearance of the decay chain D → K∗(892)π → Kππ.

(m23)max

0 1 2 3 4 5
 0

 2

 4

 6

 8

10

m12  (GeV2)

m
2

3
  

(G
e
V

2
)

(m1+m2)2

(M−m3)2

(M−m1)2

(m2+m3)2

(m23)min
2

2

2

2

Figure 47.3: Dalitz plot for a three-body final state. In this
example, the state is π+K0p at 3 GeV. Four-momentum conservation
restricts events to the shaded region.

47.4.4. Kinematic limits :

47.4.4.1. Three-body decays: In a three-body decay (Fig. 47.2) the
maximum of |p3|, [given by Eq. (47.21)], is achieved when m12 = m1 +m2,
i.e., particles 1 and 2 have the same vector velocity in the rest frame of the
decaying particle. If, in addition, m3 > m1, m2, then |p

3
|max > |p

1
|max,

|p
2
|max. The distribution of m12 values possesses an end-point or

maximum value at m12 = M − m3. This can be used to constrain the
mass difference of a parent particle and one invisible decay product.
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47.4.5. Multibody decays : The above results may be generalized to
final states containing any number of particles by combining some of the
particles into “effective particles” and treating the final states as 2 or 3
“effective particle” states. Thus, if pijk... = pi + pj + pk + . . ., then

mijk... =
√

p2
ijk... , (47.26)

and mijk... may be used in place of e.g., m12 in the relations in Sec. 47.4.3
or Sec. 47.4.4 above.

47.5. Cross sections

p3, m3

p
n+2, m

n+2

.

.

.

p1, m1

p2, m2

Figure 47.5: Definitions of variables for production of an n-body
final state.

The differential cross section is given by

dσ =
(2π)4|M |

2

4
√

(p1 · p2)2 − m2
1m

2
2

× dΦn(p1 + p2; p3, . . . , pn+2) . (47.27)

[See Eq. (47.12).] In the rest frame of m2(lab),
√

(p1 · p2)2 − m2
1m

2
2 = m2p1 lab ; (47.28a)

while in the center-of-mass frame
√

(p1 · p2)2 − m2
1m

2
2 = p1cm

√

s . (47.28b)

47.5.1. Two-body reactions :

p1, m1

p2, m2

p3, m3

p4, m4

Figure 47.6: Definitions of variables for a two-body final state.

Two particles of momenta p1 and p2 and masses m1 and m2 scatter
to particles of momenta p3 and p4 and masses m3 and m4; the
Lorentz-invariant Mandelstam variables are defined by

s = (p1 + p2)
2 = (p3 + p4)

2

= m2
1 + 2E1E2 − 2p1 · p2 + m2

2 , (47.29)

t = (p1 − p3)
2 = (p2 − p4)

2

= m2
1 − 2E1E3 + 2p1 · p3 + m2

3 , (47.30)
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u = (p1 − p4)
2 = (p2 − p3)

2

= m2
1 − 2E1E4 + 2p1 · p4 + m2

4 , (47.31)

and they satisfy

s + t + u = m2
1 + m2

2 + m2
3 + m2

4 . (47.32)

The two-body cross section may be written as

dσ

dt
=

1

64πs

1

|p1cm|
2
|M |

2 . (47.33)

In the center-of-mass frame

t = (E1cm − E3cm)2 − (p1cm − p3cm)2 − 4p1cm p3cm sin2(θcm/2)

= t0 − 4p1cm p3cm sin2(θcm/2) , (47.34)

where θcm is the angle between particle 1 and 3. The limiting values
t0 (θcm = 0) and t1 (θcm = π) for 2 → 2 scattering are

t0(t1) =

[

m2
1 − m2

3 − m2
2 + m2

4

2
√

s

]2

− (p1 cm ∓ p3 cm)2 . (47.35)

In the literature the notation tmin (tmax) for t0 (t1) is sometimes used,
which should be discouraged since t0 > t1. The center-of-mass energies
and momenta of the incoming particles are

E1cm =
s + m2

1 − m2
2

2
√

s
, E2cm =

s + m2
2 − m2

1

2
√

s
, (47.36)

For E3cm and E4cm, change m1 to m3 and m2 to m4. Then

pi cm =
√

E2
i cm − m2

i and p1cm =
p1 lab m2

√

s
. (47.37)

Here the subscript lab refers to the frame where particle 2 is at rest. [For
other relations see Eqs. (47.2)–(47.4).]

47.5.2. Inclusive reactions : Choose some direction (usually the beam
direction) for the z-axis; then the energy and momentum of a particle can
be written as

E = m
T

cosh y , px , py , pz = m
T

sinh y , (47.38)

where m
T

, conventionally called the ‘transverse mass’, is given by

m2
T

= m2 + p2
x + p2

y . (47.39)

and the rapidity y is defined by

y =
1

2
ln

(

E + pz

E − pz

)

= ln

(

E + pz

m
T

)

= tanh−1
(pz

E

)

. (47.40)

Note that the definition of the transverse mass in Eq. (47.39) differs
from that used by experimentalists at hadron colliders (see Sec. 47.6.1
below). Under a boost in the z-direction to a frame with velocity β,
y → y − tanh−1 β. Hence the shape of the rapidity distribution dN/dy is
invariant, as are differences in rapidity. The invariant cross section may
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also be rewritten

E
d3σ

d3p
=

d3σ

dφ dy p
T

dp
T

=⇒
d2σ

π dy d(p2
T

)
. (47.41)

The second form is obtained using the identity dy/dpz = 1/E, and the
third form represents the average over φ.

Feynman’s x variable is given by

x =
pz

pz max
≈

E + pz

(E + pz)max
(pT ≪ |pz|) . (47.42)

In the c.m. frame,

x ≈

2pz cm
√

s
=

2m
T

sinh ycm
√

s
(47.43)

and
= (ycm)max = ln(

√

s/m) . (47.44)

The invariant mass M of the two-particle system described in Sec. 47.4.2
can be written in terms of these variables as

M2 = m2
1 + m2

2 + 2[ET (1)ET (2) cosh∆y − pT (1) · pT (2)] , (47.45)

where

ET (i) =
√

|pT (i)|2 + m2
i , (47.46)

and pT (i) denotes the transverse momentum vector of particle i.

For p ≫ m, the rapidity [Eq. (47.40)] may be expanded to obtain

y =
1

2
ln

cos2(θ/2) + m2/4p2 + . . .

sin2(θ/2) + m2/4p2 + . . .

≈ − ln tan(θ/2) ≡ η (47.47)

where cos θ = pz/p. The pseudorapidity η defined by the second line is
approximately equal to the rapidity y for p ≫ m and θ ≫ 1/γ, and in any
case can be measured when the mass and momentum of the particle are
unknown. From the definition one can obtain the identities

sinh η = cot θ , cosh η = 1/ sin θ , tanh η = cos θ . (47.48)

47.6. Transverse variables

At hadron colliders, a significant and unknown proportion of the energy
of the incoming hadrons in each event escapes down the beam-pipe.
Consequently if invisible particles are created in the final state, their net
momentum can only be constrained in the plane transverse to the beam
direction. Defining the z-axis as the beam direction, this net momentum
is equal to the missing transverse energy vector

Emiss
T = −

∑

i

pT (i) , (47.49)

where the sum runs over the transverse momenta of all visible final state
particles.
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47.6.1. Single production with semi-invisible final state :

Consider a single heavy particle of mass M produced in association
with visible particles which decays as in Fig. 47.1 to two particles, of
which one (labeled particle 1) is invisible. The mass of the parent particle
can be constrained with the quantity MT defined by

M2
T ≡ [ET (1) + ET (2)]2 − [pT (1) + pT (2)]2

= m2
1 + m2

2 + 2[ET (1)ET (2) − pT (1) · pT (2)] , (47.50)

where
pT (1) = Emiss

T . (47.51)

This quantity is called the ‘transverse mass’ by hadron collider
experimentalists but it should be noted that it is quite different from
that used in the description of inclusive reactions [Eq. (47.39)]. The
distribution of event MT values possesses an end-point at Mmax

T = M . If
m1 = m2 = 0 then

M2
T = 2|pT (1)||pT (2)|(1 − cosφ12) , (47.52)

where φij is defined as the angle between particles i and j in the transverse
plane.

47.6.2. Pair production with semi-invisible final states :

p
11

, mp
44

, mp

, mp

3 1

22

, m

M M

Figure 47.7: Definitions of variables for pair production of semi-
invisible final states. Particles 1 and 3 are invisible while particles 2
and 4 are visible.

Consider two identical heavy particles of mass M produced such that
their combined center-of-mass is at rest in the transverse plane (Fig. 47.7).
Each particle decays to a final state consisting of an invisible particle of
fixed mass m1 together with an additional visible particle. M and m1 can
be constrained with the variables MT2 and MCT which are defined in
Refs. [4] and [5].

Further discussion and all references may be found in the full Review of

Particle Physics . The numbering of references and equations used here
corresponds to that version.
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49. Cross-section formulae for specific processes

Revised October 2009 by H. Baer (University of Oklahoma) and R.N.
Cahn (LBNL).

PART I: Standard Model Processes

Setting aside leptoproduction (for which, see Sec. 16 of this Review),
the cross sections of primary interest are those with light incident particles,
e+e−, γγ, qq, gq , gg, etc., where g and q represent gluons and light
quarks. The produced particles include both light particles and heavy
ones - t, W , Z, and the Higgs boson H . We provide the production cross
sections calculated within the Standard Model for several such processes.

49.1. Resonance Formation

Resonant cross sections are generally described by the Breit-Wigner
formula (Sec. 18 of this Review).

σ(E) =
2J + 1

(2S1 + 1)(2S2 + 1)

4π

k2

[

Γ2/4

(E − E0)2 + Γ2/4

]

BinBout, (49.1)

where E is the c.m. energy, J is the spin of the resonance, and the
number of polarization states of the two incident particles are 2S1 + 1
and 2S2 + 1. The c.m. momentum in the initial state is k, E0 is the
c.m. energy at the resonance, and Γ is the full width at half maximum
height of the resonance. The branching fraction for the resonance into
the initial-state channel is Bin and into the final-state channel is Bout.
For a narrow resonance, the factor in square brackets may be replaced by
πΓδ(E − E0)/2.

49.2. Production of light particles

The production of point-like, spin-1/2 fermions in e+e− annihilation
through a virtual photon, e+e− → γ∗ → ff , at c.m. energy squared s is

dσ

dΩ
= Nc

α2

4s
β[1 + cos2 θ + (1 − β2) sin2 θ]Q2

f , (49.2)

where β is v/c for the produced fermions in the c.m., θ is the c.m.
scattering angle, and Qf is the charge of the fermion. The factor Nc is 1
for charged leptons and 3 for quarks. In the ultrarelativistic limit, β → 1,

σ = NcQ
2
f

4πα2

3s
= NcQ

2
f

86.8 nb

s (GeV2)
. (49.3)

The cross section for the annihilation of a qq pair into a distinct pair
q′q′ through a gluon is completely analogous up to color factors, with the
replacement α → αs. Treating all quarks as massless, averaging over the
colors of the initial quarks and defining t = −s sin2(θ/2), u = −s cos2(θ/2),
one finds

dσ

dΩ
(qq → q′q′) =

α2
s

9s

t2 + u2

s2
. (49.4)

Crossing symmetry gives

dσ

dΩ
(qq′ → qq′) =

α2
s

9s

s2 + u2

t2
. (49.5)

If the quarks q and q′ are identical, we have

dσ

dΩ
(qq → qq) =

α2
s

9s

[

t2 + u2

s2
+

s2 + u2

t2
−

2u2

3st

]

, (49.6)

and by crossing
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dσ

dΩ
(qq → qq) =

α2
s

9s

[

t2 + s2

u2
+

s2 + u2

t2
−

2s2

3ut

]

. (49.7)

Annihilation of e+e− into γγ has the cross section

dσ

dΩ
(e+e− → γγ) =

α2

2s

u2 + t2

tu
. (49.8)

The related QCD process also has a triple-gluon coupling. The cross
section is

dσ

dΩ
(qq → gg) =

8α2
s

27s
(t2 + u2)(

1

tu
−

9

4s2
) . (49.9)

The crossed reactions are

dσ

dΩ
(qg → qg) =

α2
s

9s
(s2 + u2)(−

1

su
+

9

4t2
) , (49.10)

dσ

dΩ
(gg → qq) =

α2
s

24s
(t2 + u2)(

1

tu
−

9

4s2
) , (49.11)

dσ

dΩ
(gg → gg) =

9α2
s

8s
(3 −

ut

s2
−

su

t2
−

st

u2
) . (49.12)

Lepton-quark scattering is analogous (neglecting Z exchange)

dσ

dΩ
(eq → eq) =

α2

2s
e2
q

s2 + u2

t2
, (49.13)

eq is the quark charge. For ν-scattering with the four-Fermi interaction

dσ

dΩ
(νd → ℓ−u) =

G2
F s

4π2
, (49.14)

where the Cabibbo angle suppression is ignored. Similarly

dσ

dΩ
(νu → ℓ−d) =

G2
F s

4π2

(1 + cos θ)2

4
. (49.15)

For deep inelastic scattering (presented in more detail in Section 19)
we consider quarks of type i carrying a fraction x = Q2/(2Mν) of the
nucleon’s energy, where ν = E − E′ is the energy lost by the lepton in the
nucleon rest frame. With y = ν/E we have the correspondences

1 + cos θ → 2(1 − y) , dΩcm → 4πfi(x)dx dy , (49.16)
where the latter incorporates the quark distribution, fi(x). We find

dσ

dx dy
(eN → eX) =

4πα2xs

Q4

1

2

[

1 + (1 − y)2
]

×

[4

9
(u(x) + u(x) + . . .)+

1

9
(d(x) + d(x) + . . .)

]

(49.17)

where now s = 2ME is the cm energy squared for the electron-nucleon
collision and we have suppressed contributions from higher mass quarks.

Similarly,

dσ

dx dy
(νN → ℓ−X) =

G2
F xs

π
[(d(x) + . . .) + (1 − y)2(u(x) + . . .)] , (49.18)

dσ

dx dy
(νN → ℓ+X) =

G2
F xs

π
[(d(x) + . . .) + (1 − y)2(u(x) + . . .)] . (49.19)

Quasi-elastic neutrino scattering (νµn → µ−p, νµp → µ+n) is directly
related to the crossed reaction, neutron decay.
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49.3. Hadroproduction of heavy quarks

For hadroproduction of heavy quarks Q = c, b, t, it is important to
include mass effects in the formulae. For qq̄ → QQ̄, one has

dσ

dΩ
(qq̄ → QQ̄) =

α2
s

9s3

√

1 −

4m2
Q

s

[

(m2
Q − t)2 + (m2

Q − u)2 + 2m2
Qs

]

,

(49.20)
while for gg → QQ̄ one has

dσ

dΩ
(gg → QQ̄) =

α2
s

32s

√

1 −

4m2
Q

s

[

6

s2
(m2

Q − t)(m2
Q − u)

−

m2
Q(s − 4m2

Q)

3(m2
Q
− t)(m2

Q
− u)

+
4

3

(m2
Q − t)(m2

Q − u) − 2m2
Q(m2

Q + t)

(m2
Q
− t)2

+
4

3

(m2
Q − t)(m2

Q − u) − 2m2
Q(m2

Q + u)

(m2
Q
− u)2

−3
(m2

Q − t)(m2
Q − u) + m2

Q(u − t)

s(m2
Q
− t)

−3
(m2

Q − t)(m2
Q − u) + m2

Q(t − u)

s(m2
Q
− u)

]

.

(49.21)

49.4. Production of Weak Gauge Bosons

49.4.1. W and Z resonant production :

Resonant production of a single W or Z is governed by the partial widths

Γ(W → ℓiνi) =

√

2GF m3
W

12π
(49.22)

Γ(W → qiqj) = 3

√

2GF |Vij |
2m3

W

12π
(49.23)

Γ(Z → ff) = Nc

√

2GF m3
Z

6π

×

[

(T3 − Qf sin2 θW )2 + (Qf sin2 θW )2
]

. (49.24)

The weak mixing angle is θW . The CKM matrix elements are Vij . Nc is 3
for qq and 1 for leptonic final states. These widths along with associated
branching fractions may be applied to the resonance production formula
of Sec. 49.1 to gain the total W or Z production cross section.

49.4.2. Production of pairs of weak gauge bosons :

The cross section for ff → W+W− is given in term of the couplings of the
left-handed and right-handed fermion f , ℓ = 2(T3 − QxW ), r = −2QxW ,
where T3 is the third component of weak isospin for the left-handed f , Q
is its electric charge (in units of the proton charge), and xW = sin2 θW :

dσ

dt
=

2πα2

Ncs2

{





(

Q +
ℓ + r

4xW

s

s − m2
Z

)2

+

(

ℓ − r

4xW

s

s − m2
Z

)2


A(s, t, u)

+
1

2xW

(

Q +
ℓ

2xW

s

s − m2
Z

)

(Θ(−Q)I(s, t, u)− Θ(Q)I(s, u, t))

+
1

8x2
W

(Θ(−Q)E(s, t, u) + Θ(Q)E(s, u, t))

}

, (49.26)
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where Θ(x) is 1 for x > 0 and 0 for x < 0, and where

A(s, t, u) =

(

tu

m4
W

− 1

)(

1

4
−

m2
W

s
+ 3

m4
W

s2

)

+
s

m2
W

− 4,

I(s, t, u) =

(

tu

m4
W

− 1

)(

1

4
−

m2
W

2s
−

m4
W

st

)

+
s

m2
W

− 2 + 2
m2

W

t
,

E(s, t, u) =

(

tu

m4
W

− 1

)(

1

4
+

m4
W

t2

)

+
s

m2
W

, (49.27)

and s, t, u are the usual Mandelstam variables with s = (pf + p
f
)2, t =

(pf − pW−)2, u = (pf − pW+)2. The factor Nc is 3 for quarks and 1 for
leptons.

The analogous cross-section for qiqj → W±Z0 is

dσ

dt
=

πα2
|Vij |

2

6s2x2
W

{(

1

s − m2
W

)2 [(

9 − 8xW

4

)

(

ut − m2
W m2

Z

)

+ (8xW − 6) s
(

m2
W + m2

Z

)]

+

[

ut − m2
W m2

Z − s(m2
W + m2

Z)

s − m2
W

]

[

ℓj

t
−

ℓi

u

]

+
ut − m2

W m2
Z

4(1 − xW )

[

ℓ2j
t2

+
ℓ2i
u2

]

+
s(m2

W + m2
Z)

2(1 − xW )

ℓiℓj

tu

}

, (49.28)

where ℓi and ℓj are the couplings of the left-handed qi and qj as defined
above. The CKM matrix element between qi and qj is Vij .

The cross section for qiqi → Z0Z0 is

dσ

dt
=

πα2

96

ℓ4i + r4
i

x2
W

(1 − x2
W

)2s2

[

t

u
+

u

t
+

4m2
Zs

tu
− m4

Z

(

1

t2
+

1

u2

)

]

.

(49.29)

49.5. Production of Higgs Bosons

49.5.1. Resonant Production :

The Higgs boson of the Standard Model can be produced resonantly
in the collisions of quarks, leptons, W or Z bosons, gluons, or photons.
The production cross section is thus controlled by the partial width of the
Higgs boson into the entrance channel and its total width. The partial
widths are given by the relations

Γ(H → ff) =
GF m2

fmHNc

4π
√

2

(

1 − 4m2
f/m2

H

)3/2

, (49.30)

Γ(H → W+W−) =
GF m3

HβW

32π
√

2

(

4 − 4aW + 3a2
W

)

, (49.31)

Γ(H → ZZ) =
GF m3

HβZ

64π
√

2

(

4 − 4aZ + 3a2
Z

)

. (49.32)

where Nc is 3 for quarks and 1 for leptons and where aW = 1 − β2
W =

4m2
W /m2

H and aZ = 1 − β2
Z = 4m2

Z/m2
H . The decay to two gluons

proceeds through quark loops, with the t quark dominating. Explicitly,
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Γ(H → gg) =
α2

sGF m3
H

36π3
√

2

∣

∣

∣

∣

∣

∑

q

I(m2
q/m2

H)

∣

∣

∣

∣

∣

2

, (49.33)

where I(z) is complex for z < 1/4. For z < 2 × 10−3, |I(z)| is small so the
light quarks contribute negligibly. For mH < 2mt, z > 1/4 and

I(z) = 3

[

2z + 2z(1 − 4z)

(

sin−1 1

2
√

z

)2
]

, (49.34)

which has the limit I(z) → 1 as z → ∞.

49.5.2. Higgs Boson Production in W
∗ and Z

∗ decay :

The Standard Model Higgs boson can be produced in the decay of
a virtual W or Z (“Higgstrahlung”): In particular, if k is the c.m.
momentum of the Higgs boson,

σ(qiqj → WH) =
πα2

|Vij |
2

36 sin4 θW

2k
√

s

k2 + 3m2
W

(s − m2
W

)2
(49.35)

σ(ff → ZH) =
2πα2(ℓ2f + r2

f )

48Nc sin4 θW cos4 θW

2k
√

s

k2 + 3m2
Z

(s − m2
Z

)2
. (49.36)

where ℓ and r are defined as above.

49.5.3. W and Z Fusion :
Just as high-energy electrons can be regarded as sources of virtual photon
beams, at very high energies they are sources of virtual W and Z beams.
For Higgs boson production, it is the longitudinal components of the W s
and Zs that are important. The distribution of longitudinal W s carrying
a fraction y of the electron’s energy is

f(y) =
g2

16π2

1 − y

y
, (49.37)

where g = e/ sin θW . In the limit s ≫ mH ≫ mW , the rate Γ(H →

WLWL) = (g2/64π)(m3
H/m2

W ) and in the equivalent W approximation

σ(e+e− → νeνeH) =
1

16m2
W

(

α

sin2 θW

)3

×

[(

1 +
m2

H

s

)

log
s

m2
H

− 2 + 2
m2

H

s

]

. (49.38)

There are significant corrections to this relation when mH is not large
compared to mW . For mH = 150 GeV, the estimate is too high by 51%
for

√

s = 1000 GeV, 32% too high at
√

s = 2000 GeV, and 22% too high
at

√

s = 4000 GeV. Fusion of ZZ to make a Higgs boson can be treated
similarly. Identical formulae apply for Higgs production in the collisions
of quarks whose charges permit the emission of a W+ and a W−, except
that QCD corrections and CKM matrix elements are required. Even in
the absence of QCD corrections, the fine-structure constant ought to be
evaluated at the scale of the collision, say mW . All quarks contribute to
the ZZ fusion process.

Further discussion and all references may be found in the full Review; the
equation and reference numbering corresponds to that version.
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50. Neutrino Cross Section Measurements

Revised August 2017 by G.P. Zeller (Fermilab)

Highlights from full review.

Neutrino cross sections are an essential ingredient in all neutrino
experiments. This work summarizes accelerator-based neutrino cross
section measurements performed in the ∼ 0.1 − 300 GeV range with an
emphasis on inclusive, quasi-elastic, and pion production processes, areas
where we have the most experimental input at present.

Table 50.1: List of modern accelerator-based neutrino experiments
studying neutrino scattering.

Experiment beam 〈Eν,ν〉 GeV target(s) run period

ArgoNeuT ν, ν 4.3, 3.6 Ar 2009 – 2010
ICARUS ν 20.0 Ar 2010 – 2012
K2K ν 1.3 CH, H2O 2003 – 2004
MicroBooNE ν 0.8 Ar 2015 –
MINERvA ν, ν 3.5 (LE), 5.5 (ME) He, C, CH, 2009 –

H2O, Fe, Pb
MiniBooNE ν, ν 0.8, 0.7 CH2 2002 – 2012
MINOS ν, ν 3.5, 6.1 Fe 2004 – 2016
NOMAD ν, ν 23.4, 19.7 C–based 1995 – 1998
NOvA ν, ν 2.0, 2.0 CH2 2010 –
SciBooNE ν, ν 0.8, 0.7 CH 2007 – 2008
T2K ν, ν 0.6, 0.6 CH, H2O, Fe 2010 –

1 10
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CDHS, ZP C35, 443 (1987)
GGM-SPS, PL 104B, 235 (1981)
GGM-PS, PL 84B (1979)
IHEP-ITEP, SJNP 30, 527 (1979)
IHEP-JINR, ZP C70, 39 (1996)
MINOS, PRD 81, 072002 (2010)
NOMAD, PLB 660, 19 (2008)
NuTeV, PRD 74, 012008 (2006)
SciBooNE, PRD 83, 012005 (2011)
SKAT, PL 81B, 255 (1979)

T2K (Fe) PRD 90, 052010 (2014)
T2K (CH) PRD 90, 052010 (2014)

T2K (C), PRD 87, 092003 (2013)
ArgoNeuT PRD 89, 112003 (2014)
ArgoNeuT, PRL 108, 161802 (2012)
ANL, PRD 19, 2521 (1979)

BEBC, ZP C2, 187 (1979)
BNL, PRD 25, 617 (1982)
CCFR (1997 Seligman Thesis)

Figure 50.1: Measurements of per nucleon νµ and νµ CC inclusive
scattering cross sections divided by neutrino energy as a function of
neutrino energy. Note the transition between logarithmic and linear
scales occurring at 100 GeV.
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